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AIR  RADIATORS 

FOR  WATER  COOLED  TUBI 

AMPEREX  engineers  have  devel¬ 
oped  a  series  of  Radiators  suit¬ 
able  for  the  forced  air  cooling  of 
metal  anode  power  tubes  which 
are  ordinarily  water  cooled. 

These  Radiators  are  scientifically 
designed  for  the  greatest  trans¬ 
fer  of  heat  to  the  air  stream. 
Their  structures  are  simple,  yet 
they  are  remarkably  efficient.  In 
fact,  for  some  high  frequency 
uses,  they  are  far  more  desirable 
than  water  cooling  systems. 

AMPEREX  Radiators  are  avail¬ 
able  with  the  891,  892,  342A. 
343A,  232C,  220C,  228A  and  can 
be  readily  manufactured  for 
many  other  types  of  tubes. 

Because  of  the  technical  skill  re¬ 
quired  for  imbedding  the  anode 
into  the  radiator  well  these  radi¬ 
ators  are  only  sold  as  an  integral 
part  of  the  tube. 


AMPEREX  ELECTRONIC  PRODUCTS,  Inc. 
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CROSS 


TALK 


♦  A  I.EITKK  . . .  “OctohtT  Electron¬ 
ics  makes  certain  suirjrestions  upon 
which  I  would  like  to  comment,  as  they 
concern  some  aspects  of  the  profession 
which  interest  me  irreatly. 

“One  of  the  suggestions  is  that  the 
industry  arranjre  public  demonstrations 
of  knotty  enirineerintr  problems  to  ob¬ 
tain  expressions  of  opinion  by  laymen, 
for  aid  in  decidinir  standardization  and 
design  problems.  You  say  that  ‘cer¬ 
tain  matters  cannot  be  explained  by 
the  best  of  mathematicians  or  scien¬ 
tists  or  practical  engineers.  These 
matters  deal  with  the  public  taste. 
No  formula  has  even  been  worked 
which  will  tell  a  manufacturing;  com¬ 
pany  what  the  public  will  i;o  for.’ 
There  is  some  truth  in  this  statement, 
but  not  as  much  as  it  implies,  and  I 
think  that  the  conclusions  drawn  from 
it  are  mi.sleadini;. 

“The  situation  involved  in  this  matter 
is  an  extremely  important  one  with 
respect  to  the  professional  success  of 
engineers,  the  profit  and  loss  of  the 
radio  industry,  and  the  quality  and  ex¬ 
tent  of  public  service  afforded  by  radio. 
It  is  quite  true  that  many  radio  enp:i- 
neers  do  not  take  full  account  of  fac¬ 
tors  affecting  a  pnuluct  other  than  the 
purely  technical  ones.  This  is  not 
true  in  most  enirineerinj;  professions, 
and  comes  about  in  radio  broadcast 
receiver  enRineerinir,  I  think,  because 
it  is  difficult  for  radio  enjrineers  to 
see  their  product  as  the  ultimate  user 
sees  it.  In  the  old  days  when  point-to- 
point  communication  was  radio’s  field, 
radio  enjrineers  were  experienced  in 
use  of  the  apparatus,  and  decided 
design  questions  in  the  light  of  that 
experience;  they  knew'  what  it  meant 
if  the  receiver  failed  on  a  ship  at  sea, 
they  knew  the  importance  of  all  the 
design  and  operating  features  involved 
in  the  apparatus,  and  gave  them  ap¬ 
propriate  weight.  But  in  the  broad¬ 
casting  field,  the  radio  engineer  does 
not  do  a  great  deal  of  listening  to 
programs,  and  what  he  does  do  is 


highly  colort'd  with  his  technical 
knowledge.  He  does  not  view  the 
apparatus  with  the  eyes  of  the  u.ser. 

“This  means  that  he  may  settle  de¬ 
sign  «iuestions  with  insufficient  weight 
given  to  various  non-technical  factors 
which  are  important  to  the  ultimate 
appeal  and  success  in  service  of  the 
product.  The  factors  which  should  be 
included  in  the  considerations  of  a 
practical  engineer  include  technical, 
physiological,  aesthetic,  and  psycholog¬ 
ical  ones.  I  maintain  that,  contrary  to 
your  statement,  a  practical  engineer 
can  understand  all  the  factors  neces¬ 
sary  to  successful  *lesign  of  his 
product. 

“There  is  no  mystery  about  ‘public 
taste,’  and  there  is  no  ‘public  de¬ 
mand’  for  something  which  does  not 
exist.  The  public  does  not  demand 
improvements  in  radio,  automobik's, 
or  anything  else.  It  accepts  improve¬ 
ments  when  they  are  provided,  and  the 
degree  of  acceptance  w'ill  be  propor¬ 
tional  to  the  quality  of  the  improve¬ 
ment.  In  products  where  the  aesthetic 
and  psychological  factors  have  a  very 
large  degree  of  importance  in  com¬ 
parison  with  the  technical  factors,  as 
for  example  in  clothing,  housing,  and 
even  hooks,  it  is  more  difficult,  and 
perhaps  impossible,  to  predict  unfail¬ 
ingly  with  respect  to  any  one  design. 
But  in  a  product  where  the  technical 
factors  have  the  larger  importance  and 
the  aesthetic  and  psychological  are 
secondary,  it  is  not  very  difficult  to 
predict.  The  practical  engineer  ca» 
do  it,  if  he  is  really  practical,  takes 
account  of  all  the  factors,  and  uses 
good  judgment, 

“If  a  public  demonstration  could  be 
counted  upon  safely  to  assist  in  decid¬ 
ing  design  and  standardization  ques¬ 
tions,  it  would  be  the  thing  to  do. 
However,  nearly  all  radio  design  and 
standardization  questions  are  too  com¬ 
plex  to  be  so  answered.  It  has  been 
the  frequent  experience  of  radio  engi¬ 
neers  that  even  such  a  simple  question 


as  which  is  the  better  of  two  loud 
speakers  cannot  be  determined  by  lay¬ 
men,  unless  the  two  speakers  are  enor¬ 
mously  different  from  each  other,  be¬ 
cause  the  opinions  delivered  at  one 
demonstration  test  will  depend  upon 
the  particular  room,  the  particular 
people,  what  they  had  been  listening 
to  just  previously,  what  their  ages 
were,  etc.  Furthermore,  proper  sam¬ 
pling  of  public  opinion  with  regard  to 
even  such  simple  matters  as  political 
views,  is  an  enormously  difficult  job. 
The  distribution  of  the  sample  must  be 
selected  with  regard  to  many  factors, 
such  as  age,  sex,  income  group, 
geographical  location,  education  and 
so  on.  if  the  opinions  or  responses  re¬ 
ceived  are  to  be  regarded  as  at  all 
representative  of  the  general  public. 
The  application  of  such  a  control  dur¬ 
ing  the  preliminary  stages  of  arriving 
at  design  decisions  would  entail  im¬ 
possible  expense. 

“I  would  like  to  see  your  suggestion 
turned  into  a  plea  to  engineers  them¬ 
selves  to  become  more  broadminded, 
and  more  attentive  to  the  service  and 
operating  aspects  of  their  products. 
Many  design  questions  might  be 
answered  from  the  viewpoint  of  which 
way  would  I  rather  have  it  if  I  were 
not  a  radio  engineer  and  were  buying 
it  for  my  own  home.  The  public  can¬ 
not  be  used  as  a  proving  ground  with¬ 
out  extra  cost  and  more  industry  dis¬ 
ruption.  The  design  job  will  be  better 
done,  and  the  public  better  served,  the 
more  the  engineer  decides  himself,  and 
the  earlier  he  decides  it.  But  he  must 
bear  in  mind  all  the  factors  involved, 
and  use  good  judgment  in  evaluating 
them  and  in  taking  account  of  them. 
He  should  observe  more  closely  the 
operating  habits  and  desires  of  public 
users  of  his  instruments,  and  in  the 
field  of  overlapping  activities  between 
engineering  and  sales  departments,  he 
should  not  draw  the  limit  of  his  own 
thinking  too  closely  to  the  purely  tech¬ 
nical  factors.’’ — Artht’r  Van  Dyck. 


Centcalab 

VOLUME  CONTROLS 

“Standard  Equipment"  in  millions  of  re¬ 
ceivers,  Centralab  Volume  Controls  are 
more  than  ever  on  the  "MUST"  list  wher¬ 
ever  a  dependable  control  is  indicated. 
For  original  equipment  or  replacement. 
SMOOTH  —  performs  easier  and  better. 


CENTRALAB  STANDARD  RADIOHM 

WALL  TYPE  RESISTOR  hugs  inner  circumlerence 
of  black  molded  bakelite  case.  Exclusive  non¬ 
rubbing  contact  band  assures  quiet,  smooth  ro¬ 
tation  and  long  life.  Case  dimensions:  IW  di¬ 
ameter  X  9/16"  deep.  Soft  aluminum  shaft  extends 
3%"  from  case;  milled  full  length  for  push-on 
or  set  screw  knob. 


I’m  in  a  jaunty  mood  as  1  end 
the  year  ...  in  the  second 
decade  of  my  life.  I  still  enjoy 
my  reputation  as  an  "old 
smoothie"  and  count  as  my 
friends  the  countless  service¬ 
men,  technicians  and  set  build¬ 
ers  the  world  over  who  con¬ 
tinue  to  boastfully  admit  that 
there  is  nothing  finer  than  a 
Centralab  part.  Thanks. 

'  6/  '^f^^e4ttfta£a6 


CENTRALAB  •  Div.  of  Globe-Union  Inc. 

MILWAUKEE,  WISCONSIN 


STANDARD  MIDGET  RADIOHM 

Companion  to  the  Standard  Radiohm,  the  Midget 
is  necessary  to  replace  original  controls  in  many 
current  mc^els  using  small  controls  for  space 
savers.  Molded  bakelite  case,  l*/e"  diameter. 
Vi"  soft  aluminum  shaft  3W  long,  milled  for 
standard  push-on  or  set  screw  knob. 
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MINIATURE  RECEIVERS 


15().()(M)  iniiiiatiire  receivers  have  been  sold  at  a  list  price  of  about  S20  since  early  summer.  Such  a 
sales  record  imlicates  that  engineers  have  designed  a  product  of  major  significance.  Herewith  is 
presenttMl  a  review  of  the  important  characteristics  and  design  features  of  typical  “’personar’  receivers 


of  a  strap  sluntr  across  the  shoulders. 
RCA,  GK  and  Fada  make  use  of 
the  carrying  handle,  Philco  uses  the 
shoulder  strap  and  Emer.son  uses 
both,  in  different  models. 

There  have  been  several  factors 
which  tended  to  reduce  the  use  of 
many  radios  as  portable  instru¬ 
ments.  One  was  the  relatively  larjre 
size  and  weijrht  of  available  units. 
If  a  radio  of  more  than  a  few 
pounds  in  weight  is  carried  very  far. 


SINCE  the  early  days  of  radio 
there  has  been  a  consistently 
.strong  demand  for  a  small  radio  re¬ 
ceiver  which  could  be  carried  con¬ 
veniently  by  a  person  and  which 
would  deliver  a  reasonable  amount 
of  acoustic  power  under  avera^^e 
conditions  of  reception.  Receivers 
recently  placed  on  the  market  by  a 
number  of  manufacturers  adecpiately 
fill  all  the  re<iuirements  of  e.xtreme 
portability.  To  make  the  receiver 
size  small  enough  it  was  first  neces¬ 
sary  to  desijrn  components  of  small 
size  which  would  operate  on  a  mini¬ 
mum  of  power.  Tubes  have  been 
developed  for  satisfactory  operati(*n 
with  a  filament  voltage  of  1.4  and  a 
B  supply  of  67.5  volts.  With  this 
trend  have  come  very  small  batteries 
capable  of  deliverinjr  relatively  larjre 
amounts  of  energy,  small  tube  en¬ 
velopes,  miniature  i-f  transformers, 
and  small  tuning  condensers.  These 
developments,  all  maturing  at  about 
the  .same  time,  have  resulted  in  the 
design  and  manufacture  of  receivers 
which  are  portable  in  the  most  lit¬ 
eral  sense  of  the  word.  Your  editors, 
taking  cognizance  of  this  new  de¬ 
velopment,  present  herewith  a  re¬ 
port  on  the  design  and  characteris¬ 
tics  of  typical  receivers  of  this  type 
now  on  the  market.  While  only  a 
few  of  the  current  receivers  are  dis- 
cus.sed  in  this  article,  it  is  believed 
that  the  important  features  of  the 
personal  type  of  receiver,  common  to 
all  the  models  available,  are  covered. 

The  size,  weight,  shape  and 
method  of  carrying  are  important 
considerations  in  the  design  of  any 
instrument  intended  to  be  highly 
portable.  The  sizes  of  the  receivers 
investigated  vary  from  about  100  to 
180  cubic  inches.  The  average 
weight  is  about  4i  pounds.  There 
are  two  general  methods  of  carrying 
these  receivers,  by  means  of  a  handle 
attached  to  the  case,  and  by  means 


The  Fada  receiver  weigh#  412  pounds 
and  its  dimensions  are  8  inches  by 
4*4  inches  by  4*4  inches 


The  antenna  of  the  Philco  set  is  contained  in  the  shoulder  strap.  A  low  im¬ 
pedance  loop  is  used  to  avoid  dielectric  losses  in  the  body  of  the  user 

it  soon  becomes  a  burden  and  after  appear  unduly  con.spicuous  in  carry- 

the  novelty  is  worn  off,  it  is  left  at  ing  a  portable  set.  This  demands 

home.  On  the  other  hand,  if  a  re-  that  the  case  be  as  small  a  size  as  is 

ceiver  weighs  but  a  few  pounds,  the  consistent  with  reasonable  opera- 

u.ser  may  be  convinced  that  the  ef-  tion,  and  that  it  be  of  a  conservative 

fort  of  carrying  it  even  over  con-  design.  These  precepts  have  been 

siderable  distances  is  well  repaid,  followed  with  the  results  shown  in 

The  average  person  does  not  wish  to  the  accompanying  photographs.  The 
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Armstrong  Medal  Awarded  to 
"Radio's  Most  Active  Pioneer" 

Greenleai  Whittier  Pickard,  at  right  above,  is 
shown  receiving  the  Armstrong  Medal  from 
Keith  Henney,  President  of  the  Radio  Club  of 
America.  Dr.  Pickard's  research  spans  radio  de¬ 
velopment  from  the  perikon  detector,  which  he 
patented  m  1908,  to  frequency  modulation  of  the 
present  day,  in  which  he  is  an  authority  on  field 
strength  surveys  and  measurements.  At  the  left 
are  Major  General  J.  O.  Mauborgne,  Chief  Signal 
Officer  of  the  U.  S.  Army  who  talked  on  notional 
defense  at  the  Radio  Club  Banquet.  Major  E.  H. 
Armstrong,  in  whose  name  the  Medal  is  awarded, 
and  Brigadier  General  Dawson  Olmstead,  of  the 
Fort  Monmouth  Signal  Corps  Laboratories 


; 


of  the  adjacent  cell.  Thus  no  con- 
nectinfr  wires  are  neces.sary  from 
one  cell  to  the  next  when  they  are 
used  in  series  as  in  a  B  battery. 
The  yielding  mechanical  seal 
wrapped  around  the  edjres  of  each 
cell  provides  the  neces.sary  expan¬ 
sion  for  the  electrolytic  mix  in  a 
very  small  space.  Another  space  sav- 
injr  feature  of  the  miniature  bat¬ 
tery  is  the  use  of  connectors  which 
look  very  much  like  the  ordinary 
vrlove  snaps.  A  ^^ood  contact  is 
provided  usin^  only  about  one- 
eijrhth  of  an  inch  of  length  instead 
of  the  one-half  inch  formerly  re¬ 
quired. 

A  new  line  of  miniature  radio 
tubes  was  announced  at  about  the 
same  time  as  the  new  B  battery. 
These  tubes  are  much  smaller  than 
previous  types  and  their  desi^rn  is 
such  that  when  u.sed  in  a  radio  re¬ 
ceiver,  the  power  output  is  sufficient 
for  reasonable  listeninjr  level.  The 
operation  of  the  filament  on  1.4  volts 
permits  operation  on  only  one  stand¬ 
ard  tlashlijrht  cell,  which  further 
contributes  to  the  small  size  of  the 
receiver.  The  tubes  were  described 
in  the  November,  1939  issue  of 
P]LK('TRONirS. 

l-F  T  muitformers 

Another  contribution  to  small  size 
is  the  iron  core  intermediate-fre- 
<juency  transformer.  By  the  use  (*f 
iron  powder  moulded  with  polysty¬ 
rene  as  a  binder,  used  both  as  a  core 

Comparison  oi  i-i  transiormer  used  in  the 
miniature  receiver  (RCA)  and  a  conven¬ 
tional  transiormer.  The  small  unit  has 
powdered  iron  cores  and  shields 

Circuit  diagram  oi  a  typical  receiver 
(Emerson).  This  circuit  has  a  sensitivity 
oi  about  250  microvolts  per  meter  ior  15 
milliwatts  output 


and  as  a  shield  around  the  coils,  and 
low-loss  polystyrene  as  insulation,  it 
has  been  possible  to  decrease  jrreatly 
the  size  of  the  transformers.  The 
spacing'  between  the  coils  is  very 
small  because  the  proper  deirree  of 
coupling  is  obtained  at  this  short 
.separation  by  the  u.se  of  the  iron 
powder  shieldinjr  which  increa.ses 
the  permeability  of  the  coils.  The 
shunt  condensers  are  also  a  factor  in 
decreasing  the  size  of  the  trans¬ 
formers.  A  cutaway  view  of  the 
RCA  i-f  transformer  is  shown  in 
comparison  with  a  conventional 
transformer  in  the  accompanying 
photograph. 

Anti' Una  S(fsteuiK 

All  of  the  miniature  receivers  un¬ 
der  consideration  u.se  loop  antennas 
either  in  the  cover  of  the  cabinet  or 
in  the  shoulder  strap.  In  the  case 
where  the  loop  is  contained  in  the 
cover,  the  loop  is  sandwiched  in  be¬ 
tween  two  sheets  of  polystyrene  and 
net  evidence  of  an  antenna  shows  ex¬ 


cept  the  two  lead  wires  to  the  .set. 
Polystyrene  is  u.sed  because  its 
very  low  dielectric  los.ses  increa.se 
the  Q  of  the  loop.  Coupling  to  the 
first  tube  is  made  in  the  conven¬ 
tional  manner.  However,  in  the  ca.se 
of  the  shoulder  strap  antennas,  it  is 
not  possible  to  u.se  the  usual  high 
impedance  loop  because  of  the  di¬ 
electric  effect  of  the  body  of  the 
user.  This  problem  has  been  .solved 
by  F^merson  and  Philco  by  different 
methods.  Philco  runs  a  single  piece 
of  heavy  copper  braid  through  the 
shoulder  strap  to  form  a  low  im¬ 
pedance  loop.  The  energy  picked  up 
by  the  loop  is  transferred  by  means 
of  an  iron-cored  r-f  current  trans¬ 
former  to  the  first  tuned  circuit. 
Emerson’s  method  is  to  place  a  low- 
impedance  loop  of  about  eight  turns 
of  wire  in  the  shoulder  strap  and 
place  in  series  with  it  an  inductance 
which  adds  to  the  impedance  of  the 
loop  to  bring  it  up  to  a  suitable 
value  to  fit  the  requirements  of  the 
tuned  circuit. — C.w. 


Thin  carbon  Yielding 

electrode  mechanical  seal 


Cross-sectional  diagram  oi  one  cell  oi  the 
MiniMox  B  battery  widely  used  in  minia¬ 
ture  sets.  A  smaller  battery  oi  longer 
liie  results  irom  this  method  oi  con¬ 
struction 
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Chasais  of  the  RCA  Victor  personal  re- 
ceieer.  The  tube  filaments  are  heated  by 
a  single  flashlight  battery  which  mounts 
at  the  left  of  the  chassis 


The  loop  antenna  of  the  RCA  Victor  set  is  contained  in  the  polystyrene 
coTer.  The  on-off  switch  is  operated  by  opening  or  closing  the  co^er 


pends  larjrely  on  the  fretiuency  of 
use  as  well  as  the  time  of  use.  The 
A  battery  will  have  to  be  renewed 
about  ten  times  during  the  life  of 
the  B  battery. 

To  pack  all  the  nece.ssary  parts 
into  the  small  available  space,  sev¬ 
eral  tricks  had  to  be  incorporated 
into  the  chassis  layout.  The  chassis 
is  no  longer  a  simple  U-shaped  piece, 
but  a  complicated  shape  made  up  of 
several  pieces  spot  welded  together 
as  shown  in  the  accompanying  pho- 
to^rraphs.  This  is  necessary  so  that 
all  parts,  larjre  and  small,  can  be 
mounted  in  the  most  advantaKeous 
positions.  For  instance,  the  tubes 
must  be  mounted  in  a  hi^rher  posi¬ 
tion  than  the  B  battery  so  that  the 
sockets  and  resistors  can  be  mounted 
below  the  chassis.  Also,  the  loud¬ 
speaker,  because  of  its  relatively 
lar^e  size  and  its  shape  recpiires  a 
rather  lar^re  opening?  in  the  chassis. 
An  interesting  feature  of  the  con¬ 
struction  is  the  increasing  use  of 
plastic  cements  instead  of  screws  or 
eyelets  for  fasteninjr  parts  toK<*ther. 


An  “economizer”  circuit  in  the  Em¬ 
erson  set  reduces  the  B  current  from 

7.5  ma  under  normal  operation  to 

5.5  ma  when  full  volume  is  not  re¬ 
quired.  This  is  accomplished  by 
increasing  the  bias  on  the  power 
output  tube  and  decreasing  screen 
voltage  on  the  converter  1R5  and 
the  i-f  tube  1T4.  Thus,  the  life  of 
the  B  battery  may  be  increased  by 
a  considerable  amount. 

All  of  the  sets  make  use  of  loop 
antennas,  some  contained  in  the 
cover  of  the  cabinet,  others  enclosed 
in  the  shoulder  strap.  The  “undis¬ 
torted”  power  output  averages  about 
50  milliwatts  (electrical  input  to  the 
speaker),  which  provides  a  reason¬ 
able  listening  level  depending  con- 
shape  of  the  Philco  set  was  de-  siderably  on  the  efficiency  of  the 
signed  keeping  in  mind  a  shape  loudspeaker.  The  maximum  power 
which  has  been  fully  accepted  by  output  ranges  from  about  120  to 
the  public  for  a  number  of  years,  180  milliwatts. 

the  binocular  case.  The  problem  of  sensitivity  in  a 

There  have  been  approximately  receiver  of  this  type  is  an  important 
150,000  of  these  receiveis  sold  since  one.  The  restrictions  imposed  by 
spring  and  there  are  hopes  of  in-  the  very  limited  loop  area,  and  the 
creasing  this  figure  to  300,000  by  available  power  from  the  small  bat- 
the  end  of  the  year.  There  are  about  teries  are  considerable.  The  extent 
eight  or  ten  manufacturers  already  to  which  these  limitations  have  been 
in  the  field  and  several  others  are  overcome  is  attested  by  the  sensi- 
planning  to  enter  in  the  near  future,  tivity  of  a  typical  set :  about  250 
All  of  the  receivers  of  this  type  microvolts  per  meter  for  15  milli- 
investigated  use  superheterodyne  watts  output.  This  is  comparable 
circuits,  most  of  them  using  the  line  with  the  sensitivity  of  a  typical  four 
of  miniature  tubes  introduced  last  tube  portable  receiver  of  conven- 
year  (1R5,  1T4,  1S5  and  1S4).  tional  design.  The  sensitivity  de- 
Philco,  however,  uses  loktal  tubes  in  creases  slowly  during  the  initial 
its  set.  The  filaments  are  powered  period  of  battery  life  and  afterwards 
by  one  flashlight  dry  cell  (some  use  decreases  quite  rapidly.  Satisfactory 
two  or  three  in  parallel  to  increase  operation  is  maintained  with  the 

the  time  between  battery  renewals.  A  battery  voltage  down  to  1.0  volt 

The  B  battery  used  is  a  67i  volt  unit  and  B  battery  voltage  down  to  about 
of  a  small  size  which  was  introduced  36  volts.  Under  ordinary  conditions 
in  July  of  this  year.  The  current  of  use  it  can  be  expected  that  tht 

from  the  A  battery  is  0.25  ampere  B  battery  will  last  from  two  to  fiv€ 

and  from  the  B  battery,  about  8  ma.  months  without  change.  Its  life  de- 


Chassis  of  the  Emerson  receiver.  An 
economizer  circuit  is  used  in  this  set  to 
decrease  the  total  current  used  (see  dia¬ 
gram  on  opposite  page) 


Poicer  Supply 

The  development  of  a  very  effi¬ 
cient  and  highly  compact  power  .sup¬ 
ply  was  essential  in  the  design  of 
the  miniature  receivers.  There  has 
been  available  since  July  a  B  battery 
which  is  about  half  the  size  of  a  con¬ 
ventional  battery  of  the  same  volt¬ 
age  rating  and  has  considerably 
longer  life.  The  accompanying  dia¬ 
gram  illustrates  the  cell  construction 
of  the  Eveready  MiniMax  battery. 
This  method  of  construction  makes 
more  effective  use  of  the  available 
space.  In  this  battery,  used  in 
the.se  receivers,  the  carbon  electrode 
has  been  replaced  by  a  thin  layer  of 
carbon  placed  on  the  zinc  electrode 
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An  Electrically-Focused 
Multiplier  Phototube 


A  compact  secoiidary-emission  iiiultiplier  structure  iisiii*!;  curved  tarjiets  or  **<!viiodes’*  <le- 
velops  a  maximum  current  gain  of  over  a  million  and  a  luminous  sensitivity  of  over  ten 
amperes  per  lumen,  with  signal-to-noise  ratio  considerably  better  than  conventional  |)boto- 
tubes.  A  practical  tube  useful  in  sound-track  reproduction,  light-operated  relays  ami  the  like 


By  J.  A.  RAJCHMAN  and  R.  L.  SNYDER 


JtC \  Matiiifticturinij  Citwimini,  i'nwilf  ti 


AS  is  well  known,  an  electron 
multiplier  is  a  vacuum  tube 
which  uses  the  phenomenon  of 
secondary  emission  to  amplify  sig¬ 
nals  composed  of  electron  streams. 
In  the  photoelectric  multiplier,  the 
electrons  emitted  from  an  illumi¬ 
nated  photocathode  are  caused  to 
strike  an  electrode,  called  a  target, 
or  dynode,  on  whose  surface  each 
impinging  electron  produces  the 
emission  of  several  other  electrons. 
These  secondary  electrons,  whose 
number  depends  on  the  nature  of 
the  electrode  surface  and  the  energy 


Fig.  1 — The  new  phototube  structure:  A, 
external  appearance:  B,  section  showing 
glass  barrier;  C,  the  element  structure 
viewed  from  the  top 


of  the  impinging  primary  electrons, 
are  directed  in  turn  to  a  second 
dynode,  and  knock  out  new  electrons. 
A  progressively  growing  stream  of 
electrons  can  be  created  by  rejieat- 
ing  this  process  a  number  of  times. 
F'or  e.xample,  in  the  tube  to  be  de¬ 
scribed,  when  the  multijilication  of 
every  stage  has  been  adjusted  to  be 
5,  the  nine  stages  amplify  the  signal 
ai)proximately  2,000,000  times.  The 
electrons  leaving  the  last  stage  How 
to  the  collector  or  anode,  and  con¬ 
stitute  the  current  utilized  in  the 
output  circuit. 

As  .soon  as  it  was  realized  that 
this  was  a  practical  method  of  ob¬ 
taining  very  sensitive  phototubes, 
many  ingenious  schemes  were  de¬ 
vised  and  used  to  achieve  successful 
electron  multiplication.  At  first 
magnetic  fields  were  required  to  di¬ 
rect  the  electrons  from  stage  to 
stage.  However,  advances  in  the 
methods  of  determining  the  course 
of  electrons  in  electric  fields  made 
it  po.ssible  to  design  purely  elec¬ 
trically  focused  electron  multipliers 
whose  geometry  could  be  adapted  to 
almost  any  specific  purpo.se.  This 
article  describes  a  developmental 
type  of  multiplier  whose  size,  .sensi¬ 
tivity,  and  electrical  characteristics 
are  adapted  to  applications  in  which 
it  may  advantageou.sly  replace 
phototubes  used  at  the  pre.sent  time, 
and  to  new  applications  rendered 
practical  by  its  advent.  The  design 
of  this  tube  lends  itself  to  the  evolve- 
ment  of  a  relatively  ine.xpensive 
manufacturing  technique.  In  this 
next  step  such  modifications  of  the 
design  as  may  be  necessary  will 
probably  have  their  chief  effect  on 
structural  details. 

The  experimental  tube,  shown  in 
Fig.  lA,  when  mounted  on  an  11- 


20 


December  1940  —  ELECTRONICS 


0  400  eoo  IZOO  1600  7000  7400 

Voltag*  Between  Photo-Cathode  ond  Lost  Stage  ' 


Normal  voltoge 

N between  stages* 
i  /\  'OOvolts 


Fig.  2 — Relationship  between 
OTerall  gain,  sensitivity  in  am¬ 
peres  per  lumen  and  the  ao- 
plied  voltage,  overall  and  per 
stage.  The  Inset  shows  th9 
gain  per  stage 


Fig.  4 — The  final  anode  charac¬ 
teristic  of  the  phototube,  show¬ 
ing  high  values  of  positive  re. 
sistance.  passing  through  in¬ 
finity  and  reaching  high  values 
of  negative  resistance 


'0  n  40  60  eo  too  170  MO  160  no  TOO 

Volt^  Between  Stoge  N-t  ond  Stage  N 


aool  0.01  at  i  lo 
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at  I  10 

^Cent  Change  in  D-C  Vottage  Supply 


Fig.  3 — The  "control  characteristic",  showing  how  the  output 
current  may  be  varied  by  adjustment  of  the  focusing  voltage 
on  the  first,  fourth  or  fifth  stage  may  be  coupled  to  any  load 
impedance  without  loss 


Fig.  5— Interference  and  change  in  signal  output  as  functions 
of  variations  in  the  d-c  supply  voltage 


proiiK  keyed  ba.se,  i.s  2.8  inches  hiph 
and  1.25  inches  in  diameter  (see 
F'iK-  Hi).  Its  operation  may  be 
described  by  referring  to  the  lar^e 
scale  cross  section  shown  in  Fijr.  1C. 
The  photwathode,  0,  when  illumi¬ 
nated,  emits  electrons  which  take  the 
paths  indicated  by  the  curved  arrows 
and  strike  the  first  dynode,  1.  Sec¬ 
ondary  electrons  thus  produced  move 
to  dynode  2  and  cause  the  next 
multiplication.  Successive  impacts 
occur  on  dynodes  3,  4,  5,  6,  7,  8, 
and  9,  and  the  final  current  is  col¬ 
lected  by  the  anode,  10.  The  voltape 
applied  to  consecutive  stapes  in¬ 
creases  in  equal  steps  from  the  pho¬ 
tocathode  to  the  9th  stage,  while 
the  voltage  increase  to  the  collector 
is  not  critical. 

The  photocathode  is  sufficiently 
large  to  be  used  with  simple  optical 
systems.  A  screen  shields  it  from 


charges  accumulating  on  the  glass 
walls  and  yet  does  not  interfere  with 
its  illumination.  For  most  applica¬ 
tions  nine  stages  are  practical  to 
obtain  a  liberal  multiplication  with 
a  reasonable  voltage  supply.  In 
order  to  fit  this  large  number  of  elec¬ 
trodes  in  a  small  envelope,  a  circu¬ 
lar  pattern  having  an  inside  and 
an  outside  row  of  dynodes  is  used. 
To  prevent  the  fluctuating  potential 
of  the  collector  from  interfering 
with  the  electron  focusing  in  the 
interdynode  region,  the  last  stage, 
9,  is  so  shaped  as  to  act  as  a  shield 
for  the  anode.  The  enclosed  collector 
consists  of  a  grid  which  allows  the 
electrons  from  dynode  8  to  reach 
dynode  9.  Its  close  spacing  to  the 
last  dynode  creates  a  high  collecting 
field  and  insures  the  saturation  of 
the  final  emission.  With  this  ar¬ 
rangement  the  output  current  is 


essentially  independent  of  the  in¬ 
stantaneous  collector  voltage.  The 
glass  partition,  w'hich  is  sealed  to 
the  tube  wall  and  enters  a  radial 
groove  molded  in  the  press,  extends 
between  the  photocathode  and  the 
collector  to  shield  the  former  from 
the  latter  and  to  prevent  “ion  feed¬ 
back”.  This  phenomenon  occurs 
when  positive  ions  produced  in  the 
high  current  region  near  the  col¬ 
lector  find  their  way  to  the  pho¬ 
tocathode  or  initial  stages  and  cause 
the  emission  of  spurious  electrons, 
which,  after  multiplication,  produce 
undesirable  and  often  uncontrollable 
regeneration. 

The  critical  nature  of  the  electric 
focusing  and  the  small  size  of  the 
multiplier  require  precise  location 
and  shaping  of  the  elements.  In  this 
design  the  location  is  assured  by 
mounting  the  electrodes  on  23  sup- 
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Fig.  6 — Several  practical  circuit  connections:  A.  d-c  power  supply  and 
bleeder;  B,  60-cps  a-c  self-rectified  circuits:  C,  high-frequency  circuit 


porting  wires,  which  are  molded 
into  the  press.  Eleven  of  these  wires 
extend  through  the  glass  to  serve  as 
leads.  Accurate  electrodes  are 
formed  by  simple  hand-operated 
dies,  which  curl  their  ends  into 
cylinders  fitting  the  mounting  wires. 
These  rounded  surfaces  also  mini¬ 
mize  the  field  emission  which  would 
produce  an  interfering  output  cur¬ 
rent. 

Operating  Characteristics 

An  outstanding  characteristic  of 
the  multiplier  is  that  its  output  is  a 
linear  function  of  a  constant  or 
variable  (at  any  frequency  up  to 
hundreds  of  megacycles)  illumina¬ 
tion  of  the  photocathode,  provided 
the  dissipation  of  the  tube  does  not 
exceed  the  safe  limit,  which  is  about 
half  a  watt.  The  average  multipli¬ 
cation  and  sensitivity  of  a  series  of 
experimental  tubes  are  shown  as  a 
function  of  the  potential  applied  to 
the  multiplier  on  the  chart  of  Fig.  2. 

This  tube  is  effective  at  very  low 
illuminations,  not  only  because  it  is 
very  sensitive,  but  also  because  the 
dark  current,  or  output  current 
without  light,  is  very  small,  being 
equivalent  to  that  produced  by  an 
illumination  of  10*’  to  10  *  lumens. 
The  effectiveness  of  the  electric  fo¬ 
cusing  is  demonstrated  by  the  fact 
that  when  cesium-silver  oxide  tar¬ 
gets  are  used,  the  average  gain  per 
stage  (see  small  graph  of  Fig.  2) 
nearly  corresponds  to  the  secondary 
emission  to  be  expected  from  such 
a  surface. 

A  convenient  control  of  the  mul¬ 
tiplication  of  the  tube  can  be  ob¬ 
tained  at  the  expense  of  a  slight  loss 
in  sensitivity  through  deliberately 
defocusing  the  electron  paths  by 
making  the  voltage  step  of  one 
dynode  unequal  to  that  of  the  others. 
The  curves  of  Fig.  3  show  the  out¬ 


put  as  a  function  of  the  voltage 
variation  of  the  initial  stage.  1,  a 
typical  inside  stage,  4,  and  a  typical 
outside  stage,  5. 

As  was  pointed  out  above,  the 
anode’s  isolation  from  the  inter- 
dynode  space  and  its  proximity  to 
the  emitting  surface  of  the  last 
stage,  make  the  current  it  collects 


Fig.  7 — Circuit  combining  hum-bucking 
compensation  with  optical  feedback  to 
reduce  effects  of  power  supply  and  il¬ 
lumination  Tariations 

almost  independent  of  its  potential 
over  a  wide  voltage  range.  This 
characteristic,  shown  for  various 
light  intensities  in  Fig.  4,  makes  it 
possible  to  couple  the  tube  to  any 
load  impedance,  and  demonstrates 
the  rather  remarkable  variation  of 
the  plate  resistance  from  a  high 
positive  value  through  infinity  to  a 
high  negative  value. 

External  Circuits 

To  maintain  the  multiplier  dy- 
nodes  at  their  operating  potentials 
they  may  be  connected  to  equally- 
spaced  steps  of  a  voltage  divider 
fed  by  a  d-c  power  supply,  as  shown 
in  Fig.  6A.  The  current  in  the  di¬ 
vider  should  be  about  ten  times  the 
maximum  output  of  the  multiplier, 
a  value  sufficient  to  prevent  varia¬ 
tions  of  the  dynode  potentials  due 
to  the  signal  currents. 

Due  to  the  critical  dependence  of 
the  gain  of  the  multiplier  on  the 


voltage  (see  Fig.  2),  rapid  changes 
in  the  voltage  resulting  from  insuf¬ 
ficient  filtering  of  the  power  supply 
will  introduce  considerable  hum 
modulation  on  the  signal.  The  level 
of  this  interference,  referred  to  100 
per  cent  signal  modulation,  is  shown 
in  Fig.  5A  as  a  function  of  the 
percentage  of  a-c  component.  F'or 
the  same  reason,  slow  shifts  in  the 
voltage  due  to  poor  regulation  will 
cause  a  change  in  the  level  of  the 
output  signal,  which  can  be  found 
in  Fig.  5B. 

The  filter  and  regulation  re<iuire- 
ments  of  the  power  supply  can  be 
greatly  reduced  by  utilizing  the  con¬ 
trol  exercised  by  the  voltage  of  in¬ 
dividual  stages,  as  shown  in  Fig.  3. 
This  is  done  by  connecting  one 
dynode  to  an  auxiliary  voltage  di¬ 
vider  which  consists  in  part  of  a 
non-ohmic  element  such  as  a  glow 
tube,  thyrite,  etc.  (see  Fig.  7). 
Since  the  potential  of  the  control 
dynode  is  no  longer  proportional  to 
the  potentials  of  the  other  dynodes, 
a  variation  in  the  supply  voltage  will 
cause  the  output  of  the  nsultiplier 
to  vary,  not  only  due  to  the  general 
change  in  multiplication,  as  shown 
in  Fig.  2,  but  also  according  to  the 
control  characteristics  of  Fig.  3. 
These  two  variations  can  be  made 
to  compensate  each  othe-,  stabiliz¬ 
ing  the  circuit  with  respect  to  volt¬ 
age  fluctuations  when  the  value  of 
the  resistance  and  the  nature  of  the 
non-ohmic  element  of  the  auxiliary 
divider  are  properly  chosen.  Since 
the  .sensitivity  can  be  considered 
es.sentially  linear  with  re.spect  to  the 
voltage  over  a  wide  range,  the  lin¬ 
ear  section  of  the  control  character¬ 
istic  should  be  employed.  For  that 
range  the  effects  of  the  voltage 
fluctuations  are  reduced  by  a  factor 
of  200  with  respect  to  an  uncom¬ 
pensated  circuit,  with  a  loss  of  only 
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about  50  per  cent  in  sensitivity  for 
the  mean  voltage. 

The  dynode  control  characteristic 
can  also  be  utilized  in  the  numerous 
applications  where  the  sijrnal  orijr- 
inates  from  the  reflection  or  trans¬ 
mission  of  li^ht,  to  compensate  for 
the  variation  in  the  output  due  to 
the  fluctuations  of  the  exciting  li^ht 
source.  This  may  be  accomplished 
with  the  circuit  shown  in  Fijr.  7, 
wherein  a  phototube,  directly  il¬ 
luminated  by  the  exciting'  lijrht,  is 
resistively  coupled  to  the  control 
dynode  in  such  a  way  that  an  in¬ 
crease  in  lijrht  shifts  the  control 
volta^^e  in  a  direction  to  cause  a  de¬ 
crease  in  KJ‘in.  and  vice-ver.sa.  The 


Fig.  10  —  External 
view  of  a  seli-con- 
tained  a-c  operated 
phototube  relay  us¬ 
ing  the  multiplier 
phototube 


compensation  is  perfect  when  oper¬ 
ating  on  a  hyperbolic  section  of  the 
control  characteristics,  because  then 
the  product  of  the  ^ain  and  the  lijjht 
intensity  remains  constant.  Of 
course,  the  coupling  resistors  must 
be  properly  chosen  and  the  current 
in  the  phototube  must  be  many  times 
that  of  the  control  dynode.  Com- 
bininjr  the  li^ht  compensation  and 
voltage  stabilization,  as  shown  in 
Fi^.  7,  it  was  possible  in  a  sound 
reproducing  system  to  reduce  the 
fluctuation  to  within  a  few  decibels 
of  the  shot-noise  level,  with  an  un¬ 
regulated  power  supply  and  a 
standard  exciter  lamp,  both  operated 
on  an  industrial  a-c  line. 

Another  practical  method  of  op¬ 
erating  the  multiplier  consists  of 
applying  to  its  electrodes  a-c  instead 
of  d-c  voltages,  at  a  frequency  con¬ 
siderably  higher  than  the  upper¬ 
most  signal  frequency.  The  output 
is  then  a  series  of  rectified  impulses 
occurring  during  the  positive  halves 
of  the  cycles.  The  pulses  are  effec¬ 
tive  only  after  the  voltage  has  risen 
to  a  large  fraction  of  its  peak  value, 
as  can  be  seen  from  the  solid  curve 
of  Fig.  8.  However,  due  to  the  tre¬ 
mendous  increase  in  the  gain  during 
the  voltage  peaks,  the  a-c  and  d-c 
sensitivities  are  nearly  equal  for  the 
same  r-m-s  values  (see  dotted  line 
Fig.  2).  Two  convenient  circuits 
can  be  used  for  a-c  operation.  A 
tapped  transformer,  operated  on  a 
60-cycle  line  as  shown  in  Fig.  6B, 
is  particularly  suitable  for  relay 
operation.  A  high-frequency  oscil¬ 
lator  driving  a  tapped  inductance 
part  of  a  resonant  circuit,  as  shown 
(Continued  on  page  58) 


Signal-noise  ratio  g-c  op^rafion 
signal- noise  ratio  d-c  operation 


Fig.  8 — Gain  vb  phase  angle  when  multi¬ 
plier  is  operated  in  seli-rectiiied  circuit 

Fig.  9 — Comparison  oi  signal-to-noise  ratios  of  con¬ 
ventional  phototubes  and  the  electron  multipier 


Signal!- 100  per  cent  modulated  pure  sine  nfor 
f' Frequency  band • 10,000 cps 
R’  Resistance  in  series  with  photocell- I00J)08  ohms 
6*  Current-gain  of  9- stage  multiplier  •  3c0, 000 
Abscissa:-  Emitted  photocurrent: 

-  ---T—  1  Current  in  high-vacuum  cell 

-  -  Current  in  gas  filled  cell  divided  by  gas . 

Current  in  photocathode  of  multiplier 
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Breaking  all  previous  attendanee  records,  the  Rochester  Fall  Meeting  of  the  I.R.E.  ainl 
R.M.A.  revealed  advances  in  f-m  practice  and  theorv,  renewed  interest  in  high  fitlelity 
amplifiers  and  acoustics,  a  new*  type  of  metal  tube,  and  direct-pickup  ctdor  television 


A.  F.  Van  Dyck,  toastmaster  ot  the  Fall  Meeting  Banquet,  with  his  prototype  of 
the  80,000.001st  radio  set.  Before  the  end  of  the  evening  this  set  had  grown  to 
enormous  proportions  due  to  the  addition  of  gadgets  for  f-m.  phonograph,  re¬ 
corder.  television  and  color  television 


Frequency-modulation  re¬ 
ceiver  design  problems  were  the 
subjects  of  considerable  attention  at 
the  twelfth  annual  Rochester  Fall 
Meeting  of  the  Institute  of  Radio 
Engineers  and  the  Radio  Manufac¬ 
turers  Association  on  November  11, 
12  and  13.  Much  w’ork  on  preparing 
f-m  receivers  for  general  public  sale 
is  indicated  by  the  nature  of  the 
papers  delivered  and  the  organiza¬ 
tions  presenting  the  papers.  This, 
however,  is  only  one  of  the  subjects 
which  attracted  600  engineers,  the 
largest  attendance  in  the  history  of 
the  meeting,  to  the  Sagamore  Hotel 
in  Rochester.  A  new  coaxial  tuning 
condenser  using  a  new  technique, 
the  application  of  inductive  tuning 
to  ultrahigh  frequencies,  a  new  cel¬ 
lulose  ester  dielectric,  a  new  metal 
tube  of  unique  design,  a  high 
quality  audio  amplifier  using  auto¬ 
matic  bias  control  on  the  output 
tubes,  loudspeaker  developments, 
color  television  and  several  labora¬ 
tory  instruments  for  television  sig¬ 
nal  analysis  were  among  the  sub¬ 
jects  discussed,  all  of  interest  to 
those  engineers  charged  with  the 
responsibility  of  designing  the  prod¬ 
ucts  of  the  radio  industry  so  that 
they  will  be  of  better  quality  or 
more  economical  construction.  The 
significance  of  these  papers  w’as  dis¬ 
cussed  by  Donald  G.  Fink,  managing 
editor  of  Electronics,  at  the  con¬ 
clusion  of  the  technical  sessions. 

The  program  was  opened  by  A.  D. 
Power  of  the  Radiotron  Division  of 
RCA  Manufacturing  Co.  who  spoke 
on  the  measurement  of  electrode 
temperatures  of  tubes  during  ex¬ 
haust  and  operation.  Radio  tubes 
must  perform  in  a  manner  close  to 
the  published  ratings  and  such  per¬ 
formance  depends  to  a  large  extent 
upon  the  temperature  of  the  elec¬ 
trodes  during  the  processing  of  the 
tube.  Therefore,  some  accurate 
means  of  measuring  such  temper¬ 


atures  must  be  provided.  Also,  it  is 
desirable  to  know  the  temperature 
of  the  electrodes  under  various  con¬ 
ditions  of  operation.  For  glass 
tubes  it  is  convenient  to  measure 
the  temperature  of  the  outermost 
electrode  during  processing,  provid¬ 
ing  it  is  hot  enough  to  be  incandes¬ 
cent,  with  an  optical  pyrometer. 
However,  it  is  necessary  to  measure 
temperatures  below  the  incandescent 
point,  of  inner  electrodes,  and  also 
of  metal  tubes.  For  these  purposes, 
Mr.  Power  described  a  technique  of 
using  thermocouples  with  one  junc¬ 
tion  placed  at  the  point  whose  tem¬ 
perature  it  is  desired  to  know.  It  is 
an  easy  matter  to  fasten  a  thermo¬ 
couple  junction  to  the  metal  shell  of 
a  tube  or  to  the  plate.  It  is  much 
more  difficult  to  fasten  such  a  junc¬ 
tion  to  a  grid  wire,  although  it  can 
be  attached  to  a  grid  support  fairly 
easily.  When  it  is  desired  to  de¬ 
termine  the  temperature  of  a  grid 
wire  at  a  point  away  from  the  sup¬ 


port,  the  following  method  is  used. 
The  grid  wire  is  removed  and  in  its 
place,  a  thermo  wire  with  the  junc¬ 
tion  at  the  proper  point  is  fastened 
to  the  support  with  an  insulating 
cement  to  avoid  short  circuiting  the 
junction.  The  lead  wires  of  such 
thermocouples  are  brought  outside 
the  glass  envelope  in  a  suitable  man¬ 
ner  for  connection  to  the  other 
junction  and  the  indicating  meter. 
This  technique  can  be  used  only  on 
experimental  tubes. 

f'requency  Modulation 

Frequency  modulation  was  the 
subject  of  more  attention  than  any 
other  branch  of  the  industry.  No 
less  than  four  papers  were  pre¬ 
sented,  each  concerned  with  the 
problems  of  noise  or  interference. 
In  such  a  situation  it  is  not  surpris¬ 
ing  that  they  overlapped  each  other 
on  certain  points.  J.  A.  Worcester 
of  the  General  Electric  Co.  noted 
the  need  for  extremely  high  gain, 
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4,000,000  times,  previous  to  limiting 
and  demodulation.  For  this  pur¬ 
pose  a  double  superheterodyne  cir¬ 
cuit  is  used  in  a  typical  receiver,  in 
which  the  first  two  tubes  are  con¬ 
verters.  A  single  o.scillator  provides 
the  heterodyne  frequency  for  both 
converter  tubes.  The  o.scillator  fre¬ 
quency  range  is  from  18.85  to  22.85 
Me  giving  a  first  intermediate  fre¬ 
quency  in  the  range  from  23.15  to 
27.15  Me  for  the  signal  frequency 
range  from  42  to  50  Me.  The  first 
intermediate  frequency  and  the 
oscillator  always  differ  by  4.3  Me 
and  when  they  are  mixed  in  the 
second  converter,  the  4.3  Me  becomes 
the  constant  .second  intermediate 
frequency.  The  speaker  also  dis¬ 
cussed  the  cascade  limiter  used  to 
reduce  noise  to  a  very  low  level, 
and  .several  other  features  of  the 
GE  JFM-90  Frequency  Modulation 
Translator  unit. 

After  an  analytical  pre.sentation 
of  the  action  of  the  limiter  in  sup¬ 
pressing  noi.se  in  an  f-m  receiver, 
C.  W.  Carnahan  of  Zenith  Radio 
Corp.  agreed  with  Mr.  Worcester 
that  the  best  solution  to  the  noise 
suppression  problem  is  the  use  of 
the  ca.scade  limiter.  The  circuit  dia¬ 
gram  of  such  a  limiter  is  shown  in 
the  accompanying  diagram.  With 
representative  conditions  for  high 
fidelity  broadcasting  in  the  u-h-f 
range,  it  was  found  that  the  output 
transient  for  the  same  impulse  noise 
was  considerably  less  in  frequency 
modulation  than  in  amplitude  modu¬ 
lation. 

Interference  between  two  fre¬ 
quency  modulated  signals  on  the 
same  channel  was  discussed  in  a 
paper  by  Harold  A.  Wheeler  of 
Hazeltine  Service  Corp.  Such  inter¬ 
ference  is  of  two  different  types: 

(1)  crosstalk  which  is  simply  a  com¬ 
bination  of  the  two  signals  and 

(2)  a  beatnote,  the  frequency  of 
which  varies  in  accordance  with  the 
variations  of  both  signals.  A  lesser 
difference  in  signal  strength  for  a 
given  reduction  in  crosstalk  is  re¬ 
quired  in  frequency  modulation  than 
is  required  in  amplitude  modula¬ 
tion,  and  the  same  difference  is  re¬ 
quired  for  different  bandwidths  in 
frequency  modulation.  A  limiter  in 
the  f-m  receiver  will  reduce  cross¬ 
talk  by  a  considerable  amount  but 
its  use  also  results  in  slightly  higher 
beatnote  interference.  This,  how¬ 
ever,  may  be  reduced  by  the  use  of 
a  wider  frequency  band  in  f-m. 
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The  two-itage  cascade  limiter  employed  in  a  recent  G.E.  i-m  receiver 
to  combine  the  advantages  of  a  short  time  constant  with  those  of  a 
long  time  constant  (I.  A.  Worcester! 
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Inverse  feedback  applied  to  a  phonogroph  amplifier  to  reduce  the 
effects  of  microphonism  and  motor  rumble.  Note  the  filter  in  the  feed¬ 
back  circuit  (H.  P.  Kalmus  and  D.  D.  Israel) 
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The  answer  to  the  question  "Con  a  loudspeaker  reproduce  square 
waves?"  The  lower  curves  are  reproduced  from  a  microphone  in  front 
of  the  speaker  (H.  F.  Olson) 


Ditf  erenTiotor 


An  intercept  impulse  generator,  a  part  of  B.  D.  Loughlin's  phase  curve- 
tracer  for  television.  Timing  impulses  are  generated  for  each  intercept 
of  the  measured  wave  with  the  time  axis 


Circuit  for  producing  the  "sync  cross"  on  a  television  picture  tube, 
whereby  the  blanking  intervals  and  sync  pulses  may  be  examined 
directly  on  the  scanning  pattern  (Bailey  and  Loughren) 
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P.  C.  Goldmark's  method  of  adapting  di¬ 
rect  pickup  to  his  three-color  teleTision 
system.  The  scanning  spot  must  be  de- 
iocused  to  preTent  carry-OTer  oi  charge 
from  irome  to  frame,  or  optical  interlac¬ 
ing  must  be  employed 


Undesired  Signol  Is  Desired  Signal  Ratio -db 


Influence  of  received  signal-to-noise  ratio 
on  output  in  f-m  reception,  for  different 
rectifiers  and  limiters  (H.  A.  Wheeler) 


Fundamental  circuit  of  the  controlled-bias 
audio  amplifier  which  permits  high  output 
at  extremely  low  distortion  (Lincoln  Walsh) 


2A3 


The  results  of  an  experimental  in¬ 
vestigation  of  impulsive  noise  in 
f-m  receivers  were  presented  in  a 
series  of  99  oscillograms  by  V.  D. 
Landon  of  RCA  Manufacturing  Co. 
The  interpretations  of  this  large 
number  of  oscillograms  were  boiled 
down  by  Mr.  Landon  to  a  table  to 
be  published  shortly  in  Electronics. 
The  speaker  also  pointed  out  the 
desirability  of  symmetry  in  the  se¬ 
lectivity  and  discriminator  charac¬ 
teristics  over  the  full  range  of  sig¬ 
nal  level  to  be  experienced. 

A  udio  Developmen  ts 

Lincoln  Walsh,  consulting  engi¬ 
neer  for  Magnetic  Windings  Co. 
described  a  method  of  obtaining 
automatic  bias  control  for  the  grids 
of  the  output  tubes  of  an  audio 
amplifier,  and  demonstrated  an  am¬ 
plifier  embodying  such  control.  The 
purpose  of  automatic  bias  control  is 
to  combine  the  advantages  of  fixed 
bias  with  the  reliability  and  ease  of 
operation  of  self  bias  in  the  hands 
of  a  non-technical  listener.  The  first 
part  of  the  paper  stated  that  triode 
tubes  are  superior  to  pentodes  for 
high  quality  reproduction,  even 
when  feedback  is  employed.  In  the 
amplifier  described,  a  pair  of  2A3s 
deliver  15  watts  with  extremely  low 
distortion  and  35  watts  with  distor¬ 
tion  low  enough  to  be  unnoticed  on 
short  peaks  The  automatic  bias 
control  makes  use  of  a  novel  form  of 
d-c  amplifier  to  set  the  grid  bias 
voltage  to  such  a  voltage  that  the 
plate  current  of  the  output  tubes  is 
held  to  the  proper  value. 

Dorman  D.  Isreal  delivered  a 
paper  prepared  by  himself  and 
Henry  P.  Kalmus,  both  of  Emerson 
Radio  and  Phonograph  Corp.,  on  the 
subject  of  the  application  of  inverse 
feedback  to  electric  phonograph  am¬ 
plifiers.  The  purpose  of  the  feed¬ 
back  is  to  minimize  the  effects  of 
microphonism  and  motor  rumble.  A 
low-pass  filter  is  placed  in  the  feed¬ 
back  loop  to  reduce  the  gain  below 
100  cps.  The  major  portion  of 
motor  rumble  and  microphonism  lies 
below  this  frequency  and  is  there¬ 
fore  considerably  attenuated.  A 
simplified  circuit  diagram  is  shown 
in  the  accompanying  figure. 

An  excellent  paper  on  loudspeak¬ 
ers  was  presented  by  H.  F.  Olson  of 
RCA  Manufacturing  Co.  He  showed 
the  effects  of  placing  various  types 
of  speakers  in  a  number  of  different 
types  of  baffles  and  cabinets.  The 


relatively  poor  response  of  a  loud¬ 
speaker  at  low  frequencies  can  be 
compensated  for  to  some  degree  by 
increasing  the  output  of  the  am¬ 
plifier  at  tho.se  frequencies.  An  in¬ 
teresting  feature  brought  out  is 
that  loudspeakers  can  reproduce 
square  waves.  A  comparison  of  the 
square-wave  output  of  the  amplifier 
and  the  output  of  the  loudspeaker, 
through  a  microphone  and  amplifier, 
is  shown  in  the  accompanying  dia¬ 
gram.  The  technical  status  of  loud¬ 
speaker  design  is  such  that  sound 
can  be  reproduced  with  very  low 
distortion  and  uniform  response 
throughout  the  audible  range  to 
give  an  effect  which  is  highly  pleas¬ 
ing  to  the  ear.  According  to  Dr. 
Olson  the  problem  of  providing  the 
public  with  high  quality  sound  re¬ 
production  is  an  economic  one 
rather  than  a  technical  one. 

The  kettle  drum  baffle,  which  de¬ 
rives  its  name  from  the  fact  that  it 
is  shaped  very  much  like  a  kettle 
drum,  was  discussed  and  demon¬ 
strated  by  R.  T.  Bozak  of  Bozak 
Associates.  It  is  a  hemisphere 
about  32  inches  in  diameter  spun 
from  thin  sheet  steel.  The  speakers 
f woofer  and  tweeter)  are  mounted 
on  plywood  covering  the  open  end 
of  the  hemisphere.  The  interior  is 
completely  covered  with  sound  ab¬ 
sorbent  material. 

.Vph’  Metal  Tube 

A  new  kind  of  metal  tube  was 
described  by  D.  W.  Jenks  of  General 
Electric  Co.  differing  considerably 
from  the  original  metal  tube  intro¬ 
duced  in  1935.  In  the  intervening 
five  years  improvements  and  simpli¬ 
fications  have  been  made.  Several 
parts  have  been  eliminated  and 
simpler  methods  of  performing  their 
functions  are  used.  For  instance, 
the  pla.stic  base  with  its  soldered 
lead  wires  is  no  longer  used,  but  the 
interior  lead  wires  are  brought 
through  the  glass  beads  in  the  metal 
header  and  are  used  as  contact  pins. 
A  new  gla.ss  having  the  same  coeffi¬ 
cient  of  expansion  as  the  steel 
header  is  used  to  insulate  the  lead 
wires  as  they  pass  through  the  metal 
envelope.  The  tube  has  been  reduced 
to  the  barest  essentials  as  can  be 
seen  in  the  cros.s-sectional  diagram. 

A  new  technique  of  exhausting 
the  tubes  has  been  developed.  The 
assembly  mount  containing  the  elec¬ 
trodes  is  placed  inside  a  bell  jar 
and  the  metal  .shell  suspended  di- 
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rectly  above  it  by  means  of  an  elec-  by  Mr.  Ellefson  is  a  timely  one  on 

tromagnet.  The  bell  jar  is  exhausted,  a  subject  which  should  not  be  ig- 

the  electrodes  degassed  and  the  shell  nored  by  radio  engineers, 
dropped  in  place.  The  metal  header 
and  the  bottom  of  the  shell  are 
tinned  with  .solder  so  that  as  the 
shell  is  dropped  in  place  it  is  sol¬ 
dered  to  the  header  with  a  vacuum 
tight  seal.  Thus,  the  exhaust  tubu- 
lation,  which  has  always  been  the 
limitation  of  pumping  speed,  is 
eliminated  and  proce.ssing  speeded 
up. 


method  of  transmitting  and  receiv¬ 
ing  television  in  color.  The  method 
for  transmitting  pictures  from  color 
motion  picture  film  has  been  de- 
.scribed  in  the  October  1940  issue 
of  Electronics.  Briefly,  it  consists 
rotating  in  synchronism  in  front 
of  the  camera  tube  and  the  picture 
tube  discs  containing  red,  green  and 
blue  color  filters.  The  speed  of  ro¬ 
tation  of  the  discs  is  such  that  light 
during  successive  fields  enters  the 
camera  through  successive  filters. 
The  result  is  that  red,  green  and 
blue  light  is  transmitted  and  pre¬ 
sented  to  the  eye  successively.  The 
eye  sees  the  three  pictures  as  one 
with  the  same  color  relationships  as 
exist  in  the  original  picture.  343  line 
pictures  at  120  fields  per  second 
are  produced  on  the  standard  chan¬ 
nel  width. 

In  addition.  Dr.  Goldmark  de- 
.scribed  a  method  of  transmitting 
live  programs  using  light  levels 
which  are  the  same  as  for  black  and 
white  tran.smission.  It  involves  the 
use  of  an  Orthicon  camera  tube  and 
the  three  color  filters  as  in  film 
transmission,  but  with  a  different 
mechanical  arrangement.  The  scene 
to  be  transmitted  is  picked  up  by 
the  usual  camera  lens  and  passed 
through  to  an  inclined  mirror  which 
reflects  the  image  through  the  ro¬ 
tating  filter  drum  to  the  mosaic  of 
the  Orthicon.  This  is  .shown  in  the 
accompanying  diagram.  The  high 
sensitivity  of  the  Orthicon  permits 
the  use  of  commonly  u.sed  light 
levels. 

Roger  Wise,  chief  tube  engineer 
of  Hygrade  Sylvania  Corp.  pre¬ 
sented  a  paper  entitled  “Radio  Tubes 
Today”.  It  was  devoted  chiefly  to 
the  economic  aspects  of  the  radio 
tube  industry.  Eight  companies  are 
engaged  in  the  manufacture  of 

{Continued  on  page  72) 


T  elevision 

“Special  Oscilloscope  Tests  for 
Television  Waveforms”  was  pre- 
.sented  by  A.  V.  Loughren  and  W.  F. 
Bailey  of  Hazeltine  Service  Corp. 
In  the  first  of  these  tests,  the  syn¬ 
chronizing  and  blanking  puLses  are 
shown  on  the  screen  of  the  cathode 
ray  tube.  In  the  second  of  the  tests, 
the  modulating  signal  of  a  single 
line,  or  a  very  few  lines  adjacent  to 
each  other  in  the  same  field,  was  im¬ 
pressed  on  the  deflecting  plates  of 
the  cathode  ray  tube  to  give  an 
indication  of  the  brightness  of  the 
line  at  various  points  along  its 
length.  Al.so  on  the  screen  at  the 
same  time  is  the  representation  of 
the  brightness  of  the  lines  in  the 
same  region  of  the  other  field.  If 
the  timing  of  the  pulses  in  the  two 
traces  are  compared,  the  interlacing 
can  be  accurately  tested. 

Bernard  D.  Loughlin  of  Hazeltine 
Service  Corp.  described  apparatus 
for  tracing  on  the  screen  of  a  cath¬ 
ode  ray  tube  the  pha.se  vs  frequency 
curve  of  television  circuits.  Sixty- 
seven  tubes  are  required  to  perform 
all  of  the  operations  necessary  to 
show  on  the  .screen  the  desired  curve 
plus  the  coordinates  of  the  graph 
with  each  tenth  line  accentuated. 
Curves  of  a  number  of  typical  cir¬ 
cuits  were  shown. 

P.  C.  Goldmark  of  Columbia 
Broadcasting  System  reviewed  his 


Fluorescent  Materials 
A  di.scu.ssion  of  fluore.scent  mate¬ 
rials  was  presented  by  B.  F.  Ellefson 
of  Hygrade  Sylvania  Corp.  One  of 
the  points  emphasized  is  that  mate¬ 
rials  used  in  preparing  fluore.scent 
mixtures  must  be  extremely  pure. 
The  commercial  variety  of  pure 
chemicals  must  be  subjected  to  fur¬ 
ther  purification  proces.ses  lasting 
in  some  ca.se.s  as  long  as  six  weeks 
to  two  months.  An  interesting  fea¬ 
ture  of  Mr.  Ellef.son’s  talk  was  the 
use  of  diagrams  drawn  with  fluore.s¬ 
cent  materials  and  irradiated  with 
invisible  light  instead  of  using  the 
usual  lantern  slides.  The  use  of  the 
chromaticity  diagram  in  determin¬ 
ing  the  proper  use  of  fluorescent 
materials  in  obtaining  a  desired 
color  was  explained.  Each  year  sees 
an  increased  use  of  fluorescent  ma¬ 
terials  in  the  radio  industry  be¬ 
cause  of  the  wide  popularity  of 
cathode  ray  oscilloscopes  and  will 
be  further  increased  when  television 
is  commercialized.  Thus,  this  paper 
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By  means  of  this  double  superheterodyne 
arrangement,  a  gain  of  4,000,000  may  be 
obtained  in  four  tubes,  thus  permitting 
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Structure  of  the  newly  designed 
metal  tube,  pumped  under  a 
bell  iar  and  soldered  under 
vacuum  (D.  W.  lenks) 
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waveforms  resulting  from  im¬ 
pulse  noise  excitation  in  f-m  re¬ 
ceivers  (V.  D.  London) 


(hetllotof 


electronics 


December  1940 


i 


POLICE  NETWORK...  II 


of  interrupting  the  signal.  With  a  the  tube  noise  level.  Very  effective  easily  solved.  In  a  project  now  un- 
properly  designed  detector  system  suppression  will  take  place  when  the  der  w’ay  the  writer  expects  to 
the  residual  noise  in  the  audio  out-  signal  exceeds  the  noise  by  a  ratio  demonstrate  the  effectiveness  of  f-m 
put  is  much  le.ss  than  that  found  in  of  two  to  one.  Such  suppression  in  these  low  frequency  police  chan- 
an  amplitude  receiver  equipped  with  permits  the  reception  of  f-m  signals  nels. 

the  best  peak  noise  limiter  and  op-  beyond  the  range  where  comparable  One  additional  characteristic  of 
erating  under  similar  conditions,  a-m  signals  can  be  heard.  f-m  reception  should  be  emphasized. 

In  other  words  one  of  the  important  Forty  kc  was  used  as  the  band  Since  the  volume  of  the  received 
advantages  of  f-m  in  emergency  width  in  the  system  described,  signal  depends  upon  frequency  devia- 

.service  is  the  noise  limiting  in  the  chiefly  because  of  the  stability  fac-  tion  rather  than  upon  carrier  level, 

presence  of  strong  impulse  noise,  tors  encountered  in  ultra-high  fre-  it  is  clear  that  the  f-m  system  pos- 

The  conventional  noise  suppres-  quency  apparatus  design.  Narrower  sesses  the  quality  of  perfect  a-v-c 

sion  characteristic  of  f-m  is  also  bands  may  be  used  with  benefit  action.  The  observer  may  travel  up 

important  in  police  reception  al-  when  improved  circuit  and  tube  de-  hill  and  down  dale  and  so  long  as  the 

though  the  importance  may  be  sign  solves  the  drift  problem.  signal  level  does  not  drop  below  the 

.secondary  to  the  impul.se  noise  lim-  Narrowing  the  band  width  at  the  fluctuation  noise  level,  there  will  be 
iting  just  described.  For  the  case  receiver  will  in  general  increase  the  no  noticeable  change  in  the  recep- 

where  the  reception  is  taking  place  f-m  reception  range  because  of  the  tion  accompanying  the  wide  changes 

at  a  quiet  location  with  a  very  weak  reduction  in  noise  peaks.  F-m  may  in  r-f  level  at  the  receiver  input, 

signal,  the  first  tube  noise  or  first  therefore  be  applied  to  the  8  kc  This  effect  alone  greatly  improves 

converter  noise,  whichever  may  be  band  widths  in  the  comparatively  reception  over  that  encountered  in 

the  limiting  factor,  is  suppressed  by  low  frequency  state  police  channels  the  a-m  system  since  the  service 

a  signal  level  which  is  greater  than  where  stability  problems  are  more  holds  up  to  a  reliable  standard 

over  a  much  greater  area  than  that 
for  an  equivalent  a-m  system.  The 
writer  has  traveled  over  the  same 
paths  comparing  a-m  with  f-m  in 
reception  tests  and  the  f-m  signal 
held  perfectly  where  the  avc  was 
entirely  inadequate  for  the  a-m 
audio  variations. 

Much  has  been  written  about  the 
effect  of  a  strong  signal  wiping  out 
a  weak  signal  in  the  f-m  system. 

Fig.  4 — One  of  the  patrol  cars,  showing 
the  antenna  protruding  through  the  roof. 
A  circular  non-directional  radiation  pat¬ 
tern  is  secured,  in  contrast  to  the  direc¬ 
tivity  of  the  rear-mounted  antenna 
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Fig.  2 — View  of  the  11 -tube 
mobile  receiver  with  the  cover 
removed.  High  sensitivity  is 
necessary  to  obtain  full  advan¬ 
tage  of  the  f-m  system 


Fig.  3 — Typical  installation  of 
transmitter  and  receiver  in  the 
baggage  compartment  of  a  pa¬ 
trol  car 
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A  STATE-WIDE  F-M 

The  second  and  concluding  installment  of  this  article  hy  Dr.  Nohle  describes  the  mobile  receivers 
and  outlines  the  tests  made  in  the  held.  Comparative  results  on  am  and  fm  indicate  superiority  of 
fm  in  covering  long  distances  under  severe  local  noise  conditions  and  in  hilly  terrain 
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Fig.  1 — Block  diagrcon  of  the  mobile  l-m  receirer  installed  in  the 
potrol  cars.  A  crystal  controlled  oscillator  in  a  double  coneer- 
sion  superheterodyne,  cascaded  limiters  and  a  squelch  circuit 
proride  steady,  noise-free  reception 


By  DANIEL  E.  NOBLE 


Formerly  Assistant  Professor  of  Electrical  Engineering 
University  of  Connecticut 


WHILE  the  exact  sensitivity  of 
the  receivers  developed  for 
the  Connecticut  system  is  not  known 
because  of  the  uncertainty  of  the 
calibration  of  signal  generators  be¬ 
low  one  microvolt,  the  measure¬ 
ments  indicate  that  sensitivities  in 
the  order  of  one-quarter  to  one-half 
microvolt  are  obtained.  The  block 
diagram  and  top  view  are  shown  in 
Figs.  1  and  2.  Figure  3  shows  a 
typical,  car  installation  with  the 
transmitter  at  the  left  and  the  re¬ 
ceiver  at  the  right.  The  vibrator 
power  supply  for  the  receiver  is 
mounted  in  back  of  the  receiver  in  a 
separate  case. 

One  of  the  unique  features  of  the 
Connecticut  State  Police  Radio  Sys¬ 
tem  is  the  roof  top  car  antenna 
shown  in  Figure  4.  A  quarter  wave 
tapered  rod  is  mounted  on  a  coni¬ 
cal  spring  and  by  means  of  suitable 
molded  bakelite  forms  fastened  to 
the  middle  of  the  car  roof  section. 
A  thirty-four  ohm  coaxial  cable  con¬ 
nects  the  antenna  to  the  transmitter 
and  receiver.  The  cable  is  concealed 


between  the  steel  top  and  the  up¬ 
holstery  ’inside  the  car.  The  outer 
conductor  of  the  cable  is  soldered  to 
the  roof  where  is  passes  through  the 
steel  and  a  pigtail  connection  joins 
the  inner  conductor  to  the  antenna. 

To  check  the  characteristics  of  the 
antenna  and  to  compare  the  results 
obtained  with  those  obtained  with 
the  conventional  rear-of-car  antenna 
mounting,  tests  were  run  with  the 
two  antenna  types.  With  the  car 
stationed  approximately  one-half 
mile  across  flat  land  from  the  field 
strength  measuring  equipment, 
measurements  were  taken  succes¬ 
sively  while  the  car  was  rotated 
through  360°,  first  with  the  roof¬ 
top  antenna  and  then  with  the  rear- 
mounted  antenna.  Within  experi¬ 
mental  error  the  roof-top  antenna 
produced  a  perfectly  circular  field 
pattern.  The  rear-trunk  mounted 
antenna  produced  a  marked  direc¬ 
tional  pattern,  with  the  signal  level 
in  a  line  from  the  antenna  toward 
the  front  of  the  car  approximately 
four  times  as  great  as  the  signal 


level  in  all  other  directions.  With 
antennas  of  the  same  length,  the 
roof  top  unit  provided  greater  signal 
level  in  all  directions  than  the  rear- 
mounted  antenna  provided  in  its  best 
direction.  Obviously,  the  roof-top 
unit  presents  a  substantial  improve¬ 
ment  over  the  conventional  type. 

Observations  and  Conclusions 

While  it  is  true  that  the  Con¬ 
necticut  System  was  designed  for  a 
deviation  ratio  of  more  than  four, 
a  value  comparable  to  that  used  in 
high  fidelity  f-m  broadcasting,  the 
great  degree  of  noise  reduction  pro¬ 
duced  by  the  large  deviation  ratio 
is  comparatively  unimportant  to 
emergency  .service  applications.  The 
use  of  such  a  large  deviation  ratio 
with  the  40-kc  band  width  is  made 
possible  only  by  the  use  of  a  low 
pass  filter  at  the  receiver  which 
limits  the  high  frequency  response 
to  three  thousand  cps.  Noise  re¬ 
duction  of  the  type  usually  as.soci- 
ated  with  f-m  reception  takes  place 
only  when  the  level  of  the  desired 
signal  exceeds  the  level  of  the  noi.se 
and  under  this  usual  condition  the 
reduction  in  noise  is  directly  pro¬ 
portional  to  the  magnitude  of  the 
deviation  ratio. 

In  the  emergency  service  system 
the  mobile  unit  is  frequently  oper¬ 
ating  while  in  heavy  traffic,  with  the 
result  that  the  peaks  of  the  igni¬ 
tion  noise  at  the  receiver  may  reach 
values  as  high  as  twenty-five,  fifty 
or  even  a  hundred  times  the  level 
of  the  desired  signal.  Under  such 
conditions  the  conventional  noise 
suppressing  characteristics  of  f-m 
do  not  apply  but  there  is  a  noise 
suppressing  characteristic  which 
does  apply.  Since  each  ignition  peak 
exceeding  the  signal  level  will  mo¬ 
mentarily  take  control  of  the  lim¬ 
iter,  the  noise  will  have  the  effect 
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Flq.  7 — Profile  of  terrain  between  the  Aeon  fixed  station  and  a  car  lo¬ 
cation  near  Meriden  (eertical  scale  exaggerated).  Continuous  two-way 
communication  was  maintained  despite  the  cliff  near  the  patrol  car 


Fig.  8 — Profile  between  Bloomfield  and  Stafford  Springs,  distance  48 
miles,  over  which  reliable  two-way  communication  is  maintained 


tion  to  take  advajitage  of  the  direc¬ 
tional  characteristics  of  the  mobile 
.station  field  pattern.  When  the  a-m 
headquarters  station  replied,  the  re¬ 
ception  was  seriously  handicapped 
by  the  strong  iRnition  noise  contrib¬ 
uted  by  the  hijrh-speed  traffic  on  the 
parkway. 

At  this  same  location  the  f-m  mo¬ 
bile  unit  was  approximately  twenty 
miles  from  its  headquarters  fixed 
installation  and  the  two-way  contact 
was  completely  satisfactory.  In  or¬ 
der  to  check  the  limit  of  two-way 
operation  of  the  f-m  unit,  the  mobile 
unit  was  then  driven  at  hijfh  speed 
alonjr  the  parkway  in  a  direction  to 
increa.se  the  distance  from  the  fixed 
station  and  two-way  contacts  were 
checked  every  two  or  three  miles  of 
travel.  Two-way  contacts  were  main¬ 
tained  consistently  under  severe 
noi.se  conditions  produced  by  the 
hiifh  speed  of  the  cars.  The  test  was 
concluded  when  the  mobile  unit 
reached  a  point  approximately  forty 
miles  from  the  fixed  station.  The 
last  contact  was  as  good  as  the  con¬ 
tact  at  twenty  miles.  During  the 
test  the  mobile  unit  failed  to  get 
back  twice  when  it  was  close  to  high 
shielding  hills  but  the  dead  spot  in 
each  case  was  not  more  than  five  or 
six  hundred  yards  along  the  road. 
The  test  was  not  terminated  because 
the  limit  of  the  service  w’as  reached 
but  rather  because  the  mobile  unit 
had  reached  a  point  opposite  the 
George  Washington  Bridge  in  New 
York  City  and  time  did  not  permit 


an  extension  of  the  tests.  Note  that 
this  test  was  carried  on  under  ex¬ 
ceptionally  high  noise  conditions. 
Experience  with  a  similar  amplitude 
installation  indicates  that  the  dis¬ 
tances  could  be  duplicated  under  low 
noise  conditions  but  even  with  low 
noise  the  reception  would  be  much 
less  consistent  becau.se  of  the  great 
variation  in  signal  level  and  the 
service  would  be  very  spotty.  Serv¬ 
ice  with  a-m  under  the  noise  condi¬ 
tions  de.scribed  would  be  completely 
unsatisfactory. 

The  original  installation  of  the 
Connecticut  .system  was  made  at 
Hartford  to  prove  out  the  system. 
The  transmitter  is  located  on  Avon 
Mountain  at  a  point  approximately 
nine  hundred  feet  above  sea  level. 
The  coaxial  antenna  is  supported  by 
an  eighty  foot  steel  pole.  For  many 
weeks  this  installation  was  the  only 
one  in  operation  in  the  State  and 
two-way  communication  w’as  car¬ 
ried  on  with  mobile  units  over  the 
entire  State  with  this  single  installa¬ 
tion.  Secondary  two-way  coverage 
over  the  entire  State  was  possible 
with  this  single  fixed  station  at 
Hartford.  By  the  term  secondary 
the  writer  means  that  while  two- 
way  communication  was  actually 
carried  on  hundreds  of  times  from 
all  sections  and  from  the  extreme 
distances  in  the  State  it  was  neces- 
.sary  to  pick  favorable  locations  to 
talk  back  from  the  mobile  unit.  Us¬ 
ually  a  hill  or  a  location  free  from 
nearby  obstructing  hills  was  satis¬ 


factory.  A  deep  valley  or  a  location 
behind  a  shielding  ridge  would  be 
regarded  as  un.satisfactory  for  talk 
back  over  great  distances.  Over  short 
distances,  ridges  and  hills  are  of  no 
importance. 

A  profile  of  the  land  between  the 
Avon  Mountain  (Hartford  Station) 
transmitter  and  a  receiving  location 
at  Meriden  is  given  in  Fig.  7.  The 
curvature  of  the  earth  is  neglected. 
Successful  two-way  communication 
between  the  points  marked  “car” 
and  “transmitter”  on  the  figure  has 
been  carried  on  repeatedly  with  the 
mobile  unit  cruising  clo.se  to  the 
seven  hundred  foot  granite  cliff 
which  shields  the  car  from  the  fixed 
station  location.  The  signal  level  in¬ 
creases  as  expected  when  the  car 
moves  farther  away  from  the  fixed 
station  but  out  from  under  the 
.shadow  of  the  cliff.  Reliable  com¬ 
munication  service  is  maintained 
over  a  distance  of  approximately 
thirty-five  miles  in  the  general  di¬ 
rection  indicated  by  Fig.  7.  The 
writer  has  exchanged  messages  with 
Hartford  via  the  Avon  transmitter 
while  he  was  held  up  in  a  snarl  of 
traffic  in  the  business  section  of 
New  Haven.  While  the  distance  is 
approximately  35  miles  air  line,  the 
significant  factor  is  the  high  noise 
level  at  the  mobile  receiving  location. 

Figure  8  shows  a  second  profile 
covering  48  miles  in  a  Northeast¬ 
erly  direction  from  the  Avon  loca¬ 
tion.  Two-way  communication  over 
the  total  span  was  successful.  At 
the  extreme  distance  talk-back  was 
interrupted  in  the  deep  valleys  but 
.service  was  satisfactory  from  the 
hills.  Service  was  continuous  for  all 
locations  of  the  mobile  unit  from 
about  the  location  marked  Stafford 
Springs  along  the  road  all  of  the 
way  into  the  tran.smitter  control 
point.  The  emphasis  intended  is 
not  in  the  matter  of  the  distance 
covered  but  rather  in  the  fact  that 
the  very  low  signal  levels  required 
by  f-m  permit  reliable  service  over 
such  distance  even  with  serious  im¬ 
pulse  noise  handicaps. 

A-m  will  cover  equivalent  dis¬ 
tances  but  the  service  is  subject  to 
wide  variations  with  shadow’  and 
noise  conditions.  During  some  of 
the  tests  conducted,  both  a-m  and 
f-m  modulated  waves  w’ere  used.  It 
was  a  common  experience  while 
listening  to  a  weak  a-m  signal  in  a 
quiet  location  to  have  it  wiped  out 

(Continued  on  page  66) 
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service  applications  by  the  simple 
expedient  of  preparing  signal-plus- 
noise-to-noise  ratio  measurements 
would  be  vain  because  effects  en¬ 
countered  are  largely  subjective  in 
character  where  the  intelligibility 
of  the  received  signal  is  the  only  im¬ 
portant  criterion.  For  this  reason 
the  account  of  the  operation  of  the 
system  is  concerned  with  experi¬ 
ences  in  the  field  and  will  not  be  an 
attempt  at  scientific  evaluation.  An 
unqualified  statement  can  be  made, 
however,  based  upon  a-m  vs  f-m 
comparisons  and  upon  extended  ex¬ 
perience  with  both  systems  operat¬ 
ing  in  the  emergency  field  that  the 
use  of  f-m  results  in  service  supe¬ 
rior  to  that  possible  with  a-m.  The 
word  superior  is  intended  to  imply 
that  intelligible  reception  is  possible 
over  greater  distances  and  under 
more  serious  impulse  noise  condi¬ 
tions. 

The  successful  opiration  of  the 
Connecticut  system  must  be  traced 
to  two  factors  rather  than  to  one. 
The  use  of  f-m  in  a  conventional 
installation  with  the  transmitters 
located  at  the  barracks  without  re¬ 
gard  to  the  suitability  of  the  loca¬ 
tion  could  not  have  produced  a  satis¬ 
factory  system.  The  engineering 
layout  which  specified  a  high,  quiet 
station  location  near  the  center  of 
each  patrol  area  contributed  greatly 
to  the  effective  operation  of  the 
system. 

Since  satisfactory  operation  can 
be  achieved  with  very  low  signal 
levels  where  f-m  is  used,  the  design 
of  the  system  must  take  full  advan¬ 
tage  of  this  low  level  response  if  ex¬ 
tended  operating  distance  is  de¬ 
sired.  With  high,  quiet  receiving 
locations,  it  is  possible  to  maintain 
signal  levels  from  the  distant  mobile 
units  great  enough  to  exceed  the 
fluctuation  noise  threshold  of  the 


The  effect  is  very  marked  and  may 
be  put  to  use  in  police  systems.  In 
the  Connecticut  system,  full  ad¬ 
vantage  is  taken  of  this  effect  to 
permit  simultaneous  operation  of 
several  fixed  stations  without  inter¬ 
ference  in  the  area  of  the  stations. 
If  one  frequency  had  been  employed 
in  the  system,  the  operation  of  a 
single  fixed  station  would  exclude  all 
mobile  transmissions  to  headquarters 
since  the  superior  fixed  station  signal 
would  wipe  out  the  mobile  signals. 
By  employing  two  frequencies,  39,- 
180  kc  for  the  mobile  units  and  39,- 
500  kc  for  the  fixed  stations,  a  fixed 
transmitter  in  one  area  may  trans¬ 
mit  to  its  associated  mobile  units 
without  preventing  the  reception  of 
mobile  transmissions  by  the  other 
barracks  units.  Two  areas  sepa¬ 
rated  by  a  third  patrol  area  may  op¬ 
erate  simultaneously  and  although 
the  first  station  may  be  heard  in  the 
second  station  area  if  the  second 
transmitter  is  silent,  when  both 
transmitters  operate  simultaneously 
the  mobile  units,  except  in  rare  cir¬ 
cumstances,  hear  only  their  home 
area  transmitter.  This  action  greatly 
increases  the  available  operating 
time  for  each  station.  For  car-to- 
car  operation  mobile  transmitters 
are  equipped  with  a  second  crystal 
for  39,500-kc  operation  and  a  relay 
with  dash  control  permits  the 
switching  from  39,180  kc  to  39,500 
kc  without  further  adjustments. 
The  frequency  change  is  accom¬ 
plished  without  retuning  circuits 
and  with  very  little  loss  of  power 
output.  This  fact  will  serve  to  em¬ 
phasize  the  stability  of  the  trans¬ 
mitter  and  to  indicate  the  complete 
lack  of  critical  adjustments. 

In  some  cases  interference  from 
other  stations  in  a  system  may  be 
desirable.  At  least  the  writer  has 
been  informed  that  interference 
should  permit  an  emergency  signal  to 
break  through  and  that  with  a  sig¬ 
nal  twice  as  strong  as  the  inter¬ 
fering  signal  taking  complete  con¬ 
trol  the  operator  would  not  know 
that  a  second  signal  was  on  the  air. 
The  writer  does  not  wish  to  argue 
the  point  here  but  it  should  be 
pointed  out  that  this  effect  may  be 
substantially  reduced  by  use  of  nar¬ 
row  band  and  lower  deviation  ratio. 
In  fact,  the  effect  must  be  reduced 
where  eight  and  ten  kc  bandwidths 
are  used  on  the  lower  frequencies. 

Any  attempt  to  evaluate  the  ef¬ 
fectiveness  of  f-m  in  emergency 
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Fig.  5 — Block  diagram  oi  the  fixed  elation. 
This  equipment  ie  located  in  high,  quiet 
locations  for  maximum  transmission  and 
reception  range,  and  operated  by  remote 
control 


receiver  and  to  .saturate  the  limiter 
properly. 

A  casual  check  made  to  compare 
a  new  250-watt  a-m  installation  with 
one  of  the  Connecticut  State  Police 
250-watt  installations  .serves  to  illu.s- 
trate  the  overall  difference  between 
the  conventional  a-m  installation 
and  the  properly  engineered  f-m  in¬ 
stallation,  A  new  250-watt  a-m  in¬ 
stallation  had  been  completed  to 
serve  a  city  in  the  territory  of  one 
of  the  f-m  State  Police  installations. 
To  run  a  test,  an  f-m  mobile  unit 
and  an  a-m  mobile  unit  were  oper¬ 
ated  along  a  parkway  road  and  their 
effectiveness  checked.  At  a  point  on 
the  road  approximately  seven  miles 
from  the  a-m  transmitter,  the  a-m 
mobile  unit  could  not  reach  the  home 
station  until  the  car  was  turned  and 
pointed  in  the  direction  of  the  sta- 


Fig.  6 — One  oi  the  early  mobile  test-car  installations  with 
which  the  superiority  of  f-m  transmission  was  demonstrated 


justing  the  gain  of  the  stage.  In¬ 
creasing  the  cathode  resistor  de¬ 
creases  the  gain,  whereas  increasing 
the  load  resistor  increases  the  gain. 

If  the  gain  is  kept  constant  at  a 
particular  voltage  input  by  increas¬ 
ing  one  of  these  resistors  and  de¬ 
creasing  the  other  in  such  an  amount 
that  til-  one  change  compensates 
for  the  other,  the  shape  of  the  cui  ve 
of  the  voltage  indicated  by  the  meter 
plotted  against  the  voltage  actually 
applied  may  be  changed.  Of  course, 
the  ideal  shape  for  this  curve  is  a 
perfectly  straight  line.  This  is  dif¬ 
ficult  to  achieve  and  a  curve  of  the 
general  shape  of  B  shown  in  Fig.  5 
is  a  satisfactory  compromise.  This 
same  sort  of  adjustment  can  be 
made  between  the  cathode  and  load 
resistors  of  the  amplifier  section  of 
the  6N7.  However,  changes  here 
will  also  affect  the  rectifier  circuit 
to  which  it  is  coupled.  Therefore,  it 
seem.s  advisable  when  a  w’orkable 
set  of  values  such  as  is  given  here 
has  been  found,  to  make  all  adjust¬ 
ments  in  the  6F5  circuit,  if  possible. 

The  capacitance  coupling  of  the 
amplifier  section  of  the  6N7  to  the 
rectifier  circuit  is  unusual  but  works 
very  well.  The  2,000  ohm  resistor 
in  series  with  the  meter  may  be  var¬ 
ied  in  conjunction  with  variations 
in  the  6F5  circuit,  should  changes 
in  the  constants  of  a  particular 
meter  from  those  shown  here  be 
necessary.  For  instance,  an  increase 
in  this  resistor  w’ould  tend  to  lower 
a  curve  which  lies  too  high,  such  as 
A  in  Fig.  5,  to  the  correct  position. 


0.5nm^ 

04rrsgi 


To 

2.5  V  scale 
of  20fi00 
ohm/vott 
voltmeter 


*150  volts 
( regulated) 


Fig.  1 — The  complete  circuit  diagram:  A  two-stage  audio  amplifier  and  rectifier 
feed  the  d-c  meter,  while  a  compensated  Toltage  dirider  provides  flat  response 
over  the  audio  range 


more  we  must  compensate  by  shunt¬ 
ing  with  a  capacitor.  As  the  re¬ 
sistance  to  be  shunted  becomes 
lower  the  capacitance  used  must  be 
larger  to  be  effective.  In  the  higher 
ranges  it  becomes  so  large  relative 
to  the  tube  input  capacitance  that 
the  effect  of  the  tube  capacitance 
may  be  neglected.  Furthermore,  the 
small  capacitance  C,  has  little  shunt¬ 
ing  effect  on  the  lower  value  re¬ 
sistors  and  we  find  that  compensa¬ 
tion  of  the  higher  ranges  is  not 
necessary. 

The  voltage  to  be  measured,  then, 
is  applied  either  directly  or  through 
the  voltage  divider  to  the  grid  of 
the  6F5.  This  tube  is  connected  in 
the  familiar  resistance-capacitance- 
coupled  voltage  amplifier  circuit  to 
the  grid  of  one  .section  of  the  6N7. 
The  6F5  cathode  resistor  is  not  by¬ 
passed  and  gives  negative  feedback. 
This  results  in  two  means  of  ad¬ 


look  like  rig.  4A.  Here  C,  is  con¬ 
nected  across  only  one-half  megohm 
and  its  .shunting  effect  is  therefore 
reduced.  However,  C  is  still  across 
the  four  megohm  resistor  and  we 
find  as  a  result  the  step-down  ratio 
is  not  ten  as  desired  but  something 
less.  To  get  the  proper  value  Z, 
must  be  reduced  and  in  a  way  that 
will  keep  the  ratio  reasonably  con¬ 
stant  over  the  audio  spectrum.  Con¬ 
necting  a  capacitor  C,  as  in  B  of 
Fig.  4  will  reduce  Z,  and  accom¬ 
plish  the  desired  result. 

As  we  go  to  the  next  higher  volt¬ 
age  range  the  capacitance  between 
the  one-half  megohm  point  and 
ground  is  reduced  by  C„  allowing 
the  voltage  divider  once  more  to 
assume  too  low  a  ratio  at  this  point. 
Therefore,  with  the  switch  on  the 
one  hundred  thousand  ohm  point  the 
voltage  division  will  not  be  fifty-to- 
one  but  something  less  and  once 


The  50,000-ohm  resistor  connected 
between  the  coupling  condenser  and 
the  tap  of  the  cathode  resistor  serves 
two  purposes.  When  no  voltage  is 
being  measured  by  the  meter  it 
keeps  the  anode  of  the  rectifier  suf¬ 
ficiently  negative  to  prevent  a  flow 
of  plate  current.  When  the  meter 
is  indicating  it  also  serves  to  dis¬ 
charge  the  one  microfarad  coupling 
capacitor  during  the  negative  half 


The  v-t  voltmeter  in  use  with  a  standard  analyzer  test  set 


Fig.  2 — Detail  of  the  coaxial  test 
lead,  prong,  and  plug  connection 
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A  V-T  VOLTMETER 
FOR  AUDIO  FREQUENCIES 


Designed  as  an  adjunct  to  an  analyzer  test  set  the  instrument  described  covers  the  range 
from  0.05  to  500  volts,  20  to  15,000  cps,  with  high  input  impedance,  linear  scales,  with 
inherent  meter  protection.  May  be  used  with  any  sensitive  d-c  moving  coil  meter 


The  vacuum-tube  voltmeter  de¬ 
scribed  here  is  intended  for  op¬ 
eration  with,  and  to  round  out  the 
usefulness  of,  an  analyzer  test  kit 
having  a  high-sensitivity  meter 
action.  When  used  in  conjunction 
with  such  a  kit  it  provides  a-c  volt¬ 
meter  readings  from  0.05  volts  to  500 
volts.  The  input  impedance  is  in  the 
megohms  at  the  low’er  audio  fre¬ 
quencies  and  in  the  hundreds  of 
thousands  of  ohms  at  the  upper  end 
of  the  audio  spectrum.  With  care 
in  calibration  an  accuracy  of  zt  5 
per  cent  from  20  to  15,000  cps  can  be 
obtained.  Line  voltage  changes  of 
rfc  10  per  cent  from  the  voltage  at 
which  the  calibration  w’as  made  will 
result  in  a  change  in  the  meter  read¬ 
ing  of  only  ±1.5  per  cent.  Heavy 
over-voltage  at  the  input  does  not 
harm  the  indicating  instrument  as 
the  circuit  saturates  at  about  2.5 
times  the  normal  full  scale  current. 

Although  modern  kits  with  their 
sensitive  meters  make  d-c  voltage 
testing  a  simple  matter,  they  fall 
down  when  a-c  voltage  measure¬ 
ments  are  to  be  made  on  any  but  low 
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impedance  circuits.  This  is  due,  of 
course,  to  the  low  resistance  of  the 
meter  circuits  when  connected  for 
alternating  current. 

This  addition  to  an  analyzer  may 
be  used  to  measure  the  magnitude  of 
the  signal  component  at  almost  all 
points  in  an  audio  amplifier  or  other 
circuit,  and  in  general  it  may  be 
used  as  freely  to  measure  audio 
frequency  voltages  as  d-c  meters  are 
now  used  to  measure  d-c  voltages. 

Operation  of  the  Circuit 
The  operation  of  the  circuit  is  as 
follows:  The  voltage  to  be  measured 
is  applied  to  the  input  lead  and 
thence  to  the  ends  of  the  voltage 
divider.  When  the  voltage  divider, 
controlled  by  the  range  switch,  is 
set  for  the  0.5-volt  range  the  full 
input  voltage  is  applied  directly  to 
the  grid  of  the  first  tube.  Under 
these  circumstances  the  only  effect 
of  the  tube  input  capacitance  is  to 
add  to  the  input  capacitance  of  the 


meter.  When  the  voltage  divider 
is  set  to  the  2.5-volt  range,  the 
actual  circuit  for  the  voltage  di¬ 
vider  becomes  that  shown  in  Fig. 
3A,  unless  compensation  is  intro¬ 
duced. 

Since  the  values  of  the  resistors 
in  the  circuit  are  in  the  ratio  of 
four-to-one  the  voltage  step  down 
should  be  five  to  one.  However,  C, 
is  in  parallel  with  the  one  megohm  re¬ 
sistor  and  this  makes  Z,  consider¬ 
ably  less  than  one  megohm  at  the 
higher  frequencies.  As  the  shunting 
effect  of  C,  varies  with  frequency 
we  must  compensate  for  it  in  some 
manner  which  will  also  vary  with 
frequency.  The  simplest  thing  to 
do  is  to  shunt  the  four  megohm  re¬ 
sistor  with  a  capacitor.  If  this  ca¬ 
pacitor  is  of  the  correct  value  it  will 
have  the  same  shunting  effect  on  the 
four  megohm  resistor  at  any  fre¬ 
quency  as  Cf  has  on  the  one  megohm 
resistor.  This  circuit  will  keep  the 
step-down  ratio  constant. 

If  now  we  set  the  switch  to  the 
five-volt  range,  the  voltage  divider 
without  further  compensation  would 


Top  and  bottom  views  of  the  interaal  construction  oi  the  meter.  Note  the  6F5 
tube,  mounted  through  the  chassis  as  close  to  the  range  switch  as  possible 
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NEW  FIELDS  FOR 
MAGNETIC  CONTACT  RELAYS 


The  iiltraseiLsitive  iiioviiig-eoil  relay,  whieh  employs  self-attracting  magnetic  contacts,  serves  in 
many  iiuliistrial  control  applications  not  rea<lily  handled  hy  vacuum  tubes.  Hence  this  review  of 
typical  applications  should  interest  contnd  engineers  faced  hy  similar  prol)lems 


IN  the  extension  of  automatic 
means  of  measurement,  si^nalinK 
or  control  to  new  industrial  applica- 
tit)ns,  one  limiting  factor  has 
cropped  up  with  annoying  regular¬ 
ity :  Many  of  the  chemical,  optical 
and  electrical  phenomena  which  are 
accurate  detectors  of  a  sijjnificant 
change  in  conditions  are  weak  when 
it  comes  to  providing  a  positive 
serviceable  basis  for  response  to  the 
chancre.  Frequently,  they  involve 
such  a  minute  change  in  energy 
level  that  their  “message”  has  been 
difficult  to  translate  into  a  force  of 
a  practical  order  of  magnitude  for 
operating  signals  or  controls.  Such 
is  the  case,  for  example,  with  self¬ 
generating  photocell  currents,  and 
with  the  output  of  thermocouples. 

Although  several  systems  capable 
of  amplifying  the  effect  of  a  feeble 
initial  impulse  are  theoretically 
available,  including  electronic-tube 
systems  and  the  “feeler”  type  of 
slide-wire  potentiometer  mechanism 
used  on  certain  pyrometer-control¬ 
lers,  their  application  on  a  wider 
.scale  is  freciuently  ruled  out  by  their 
intricacy,  for  economic  reasons  if 
for  no  other.  In  most  cases,  com¬ 
mercial  units  for  automatic  weigh¬ 
ing,  gas  detection,  highway  signal¬ 
ing,  remote  control  and  other  auto¬ 
matic-response  functions  can  ac¬ 
quire  industrial  importance  only  by 
proving  themselves  reliable  and  eco¬ 
nomical  in  competition  with  existing 
non-automatic  methods. 

From  the  standpoint  of  future 
possibilities  in  the  field  of  automatic 
control,  therefore,  it  is  quite  sig¬ 
nificant  to  review  the  more  simple 
manner  in  which  this  problem  of 
translating  indication  into  action 
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has  been  met  in  a  considerable  group 
of  automatic-response  devices  which 
are  now  on  the  market.  The  scope  of 
the  industrial  services  which  these 
devices  are  now  regularly  perform¬ 
ing  in  thousands  of  commercial  in¬ 
stallations  is  good  evidence  of  the 


economic,  as  well  as  the  electrical, 
soundness  of  the  approach. 

Although  differing  widely  in  func¬ 
tion,  in  the  detecting  principle  em¬ 
ployed,  and  in  design,  each  of  these 
units  obtains  the  necessary  power 
transfer  or  amplification  factor  by 
utilizing  sensitive  electrical  relays 
of  the  “magnetic-contact”  type. 
These  relays  are  essentially  micro- 
ammeters  or  millivoltmeters  of  the 


NON-MAGNETIC  CONTACT 


MAGNETIC  CONTACT 


Fig.  1 — The  use  oi  permanent  magnets  on  the  moving-coil 
relay  makes  solid  contoct  possible  with  less  electrical  energy. 
The  pressure  required  to  bring  the  magnetic  contacts  within 
range  oi  the  field  is  very  small  compared  with  that  required 
to  maintain  contact  pressure 
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ACTUAL  CONSTRUCTION 
NON-MAGNETIC  CONTACT 


ACTUAL  CONSTRUCTION 
MAGNETIC  CONTACT 


Fig.  2 — When  the  magnetic  contacts  close  the  restoring  torque 
oi  the  meter  spring  is  insufficient  to  open  them,  so  some 
auxiliary  means  of  resetting  the  relay  is  required.  Manual 
resetting,  or  resetting  by  electrical  solenoids  are  the  methods 
customarily  used 
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Fig.  3 — Uncompensated  (A)  and  compen¬ 
sated  (B)  voltage  divider  circuits  when  two 
resistance  sections  are  cut  in  by  the  range 
switch 


Fig.  4 — Uncompensated  and  compensated 
voltage  divider  sections  when  three  re¬ 
sistors  are  used 


of  the  cycle  when  no  current  flows 
through  the  rectifier. 

Adjustment  and  Calibration 

To  adjust  the  circuit,  set  the 
range  switch  at  0.5  volt  and  short 
circuit  the  input.  With  the  meter 
turned  on  the  needle  will  deflect  to 
approximately  two  per  cent  of  the 
full  scale  reading.  If  the  deflection  is 
greater  than  this,  there  is  a  hum 
voltage  in  the  circuit  in  spite  of  the 
’  input  being  shorted,  or  the  6N7 

cathode  voltage  divider  must  be  ad¬ 
justed  for  this  individual  tube. 

I  Shorting  the  6N7  first  grid  should 

I  reduce  the  reading  if  the  trouble  is 

111  hum  which  must  then  be  eliminated 

I  by  a  careful  search  for  its  point  of 

entry  into  the  circuit.  If  the  voltage 
divider  must  be  adjusted,  this  can 
1  be  accomplished  by  moving  the  slider 

j  on  the  6N7  cathode  resistor  until 

I  the  desired  defiection  is  obtained. 

When  this  has  been  done,  0.5  volt  at 
I  say  500  cps  should  be  applied  to  the 

input.  If  all  is  well  the  meter  will 
j  read  full  scale  and  reductions  in 

voltage  will  give  directly  propor- 
j  tional  reductions  in  deflection.  If 

!  the  meter  reads  too  high  or  too  low 

a  change  in  the  value  of  the  load 
I  resistor  of  the  first  section  of  the 

6N7  will  give  a  somewhat  propor- 
;  tional  change  in  the  indication.  Once 

!  the  meter  has  been  corrected  at  full 

I  scale  the  relation  of  input  voltage 


to  scale  reading  may  be  made  linear 
by  adjusting  the  values  of  the  6F5 
cathode  and  load  resistors.  In  gen¬ 
eral  the  ratio  of  these  resistors 
should  remain  constant  as  the  values 
are  changed.  If  it  becomes  neces¬ 
sary  to  change  the  ratio  in  order  to 
get  a  linear  curve  it  may  then  be 
necessary  again  to  adjust  the  value 
of  the  6N7  first  section  load  resistor 
or  the  resistors  in  series  with  the 
meter.  In  any  event  a  little  experi¬ 
menting  should  result  in  a  calibra¬ 
tion  of  r+r  five  per  cent  at  any  point 
within  the  limits  mentioned. 

When  the  above  calibration  is 
achieved  the  meter  range  should  be 
set  at  2.5  volts  and  Ct  adjusted  at 
10,000  cps  to  give  correct  meter  in¬ 
dication  at  full  scale  with  2.5  volts 
applied. 

On  the  100-  and  500-volt  scales 
correcting  condensers  are  not  re¬ 
quired  if  a  decrease  in  accuracy  to 
^  10  per  cent  betw'een  4,000  and 
8,000  cps  can  be  tolerated.  All 
ranges  are  adjusted  in  the  same  way 
and  a  check  made  on  all  ranges 
when  the  job  is  completed. 

The  possibility  of  using  a  simple 
amplifier  feeding  the  a-c  meter  cir¬ 
cuits  of  the  analyser  kit  was  in¬ 
vestigated.  This  makes  an  extremely 
simple  audio  frequency  voltmeter. 
However,  it  is  necessarily  subject  to 
all  the  shortcomings  of  the  a-c  meter 
except  its  low'  impedance.  The  non¬ 
linear  scales,  the  shorter  .scale, 
aging  of  the  rectifier  and  low’er  ac¬ 
curacy  of  calibration  of  the  meter 
itself  remain.  Therefore,  the  above 
design  was  worked  out  in  the  belief 
that  the  little  extra  time  required  to 
build  the  meter  to  operate  a  d-c  in¬ 
strument  would  be  well  w’orth  while. 


Fig.  S — Relationship  between  amplitude 
of  input  voltage  and  meter  reading,  show¬ 
ing  non-linearity  due  to  curvature  oi  tube 
characteristics.  Curve  B  is  the  best 
compromise 


In  building  the  meter  no  rigid 
scheme  of  construction  need  be  ad¬ 
hered  to.  In  many  instances  a  small 
amplifier  chassis  already  available 
can  be  readily  converted,  or  it  may 
be  that  the  constructor  will  want  to 
build  the  circuit  into  an  instrument 
case  similar  to  that  housing  the 
analy.ser  kit.  Those  who  wish  to 
follow'  the  author’s  arrangement  of 
parts  may  do  so  by  reference  to  the 
data  and  photographs  contained 
herein.  The  cabinet  shown  in  the 
photograph  is  9x7x6*  inches  with 
sloping  panel.  The  chassis  used  was 
7x7x2  inches.  Pin  jacks  to  take  the 
analyser  test  prods  were  in.stalled  on 
both  sides  of  the  panel  and  con¬ 
nected  in  parallel  so  that  the  prods 
may  always  be  plugged  in  on  the 
most  convenient  side. 

For  connection  of  the  test  prods  a 
miniature  socket  and  two  plugs  were 
used.  To  one  plug  was  attached  an 
ordinary  set  of  test  leads  for  use 
w'hen  there  is  no  danger  of  feed¬ 
back  or  induction.  To  another  plug 
w'as  attached  a  two  foot  length  of 
one-half  inch  diameter  beaded  type 
coaxial  low'  capacity  cable.  At  the 
prod  end  a  test  lead  pin  tip  was  used. 
By  attaching  the  .shield  to  the  plug 
at  one  end  and  the  tip  at  the  other 
all  strain  w'as  removed  from  the 
center  conductor  which  was  then  re¬ 
placed  by  a  very  fine  wire.  Plenty 
of  slack  should  be  left  in  this  wire 
to  prevent  its  breakage  when  the 
lead  is  bent.  To  finish  off  the  job 
a  piece  of  snugly  fitting  rubber 
tubing  was  draw'n  over  its  full 
length. 

Because  of  the  high  impedance  of 
the  grid  circuit  of  the  first  tube  it 
must  be  very  w'ell  shielded,  particu¬ 
larly  from  pow'er  circuits,  or  there 
will  be  an  induced  input  voltage 
which  w'ill  make  it  impossible  to 
properly  adjust  the  output  circuit 
for  zero  reading. 

The  value  of  constants  shown  in 
the  wiring  diagram  should  be  ad¬ 
hered  to  as  closely  as  possible  when 
the  circuit  is  first  set  up.  Later  it 
may  prove  necessary  to  adjust  .some 
of  them  slightly  to  compensate  for 
differences  in  components,  layout 
and  tubes.  The  exact  values  needed 
W'hen  they  are  not  on  hand  can 
usually  be  arrived  at  by  using  series 
or  parallel  combinations  of  those 
available.  The  resistor  in  the  cath¬ 
ode  circuit  of  the  6N7  should  be  of 
the  wire  wound  type  that  has  an  ad- 
(Continued  on  page  73) 
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contact  on  as  little  as  i  microam¬ 
pere  or  \  millivolt,  while  the  con¬ 
tacts  themselves  will  handle  5  watts 
at  110  volts  regularly. 

Kxploaivc  and  Poinononii  Gas  Detectors 


Fig.  3 — Even  purs  platinum  contacts  can 
dsTslop  contact  resistance  due  to  dust 
and  grease  films,  which  can  be  oyercome 
only  by  adequate  contact  pressure 

permanent-magnet,  movable-coil  type 
with  a  contact-making  pointer  and 
stop.  In  place  of  ordinary  contact 
points  which  might  be  brought  to¬ 
gether  by  the  pointer  movement, 
however,  they  are  built  with  small 
“riders”  of  a  magnetic  material  af¬ 
fixed  to  the  pointer  and  to  adjacent 
limiting  contact  or  contacts.  In  op¬ 
eration,  the  external  energy  source 
has  only  to  bring  the  two  magnetic 
contacts  within  sufficient  proximity 
to  one  another  to  allow  the  magnetic 
flux  to  take  effect.  Contact  is  then 
established  with  a  pressure  several 
thousand  times  greater  than  would 


ently  clean  points  are  found  to  have 
resistances  from  hundreds  of  ohms 
to  infinity  even  though  they  are  in 
mechanical  contact.  In  each  case, 
mere  “touching”  is  not  enough;  it 
requires  the  application  of  "follow¬ 
up”  pressure  to  reduce  the  resis¬ 
tance  to  a  value  approximating  that 
of  a  really  clean  surface  (see  Fig. 
3).  Furthermore,  since  the  relay 
capacity  is  a  function  of  the  cross- 
sectional  area  in  good  electrical  con¬ 
tact,  adequate  unit  pressure  with 
contacts  of  more  than  needle-like  di¬ 
mensions  is  essential. 

By  combining  high  sensitivity 


Important  advances  in  safety  en¬ 
gineering  at  mines,  chemical  plants, 
oil  refineries,  garages,  etc.,  and  in 
dealing  with  storage  tanks,  tank 
cars  and  the  like  throughout  indus¬ 
try,  are  being  made  by  various  types 
of  automatic  gas-alarm  units  using 
magnetic  contact  relays.  These  de¬ 
vices  are  arranged  to  .sample  the 
atmosphere  subject  to  danger  con- 


Fig.  4 — Wheatstone-bridge  method  of  sam¬ 
pling  dangerous  gases  dissoWed  in  liquid 
and  used  as  one  arm  of  the  bridge 


Fig.  5 — Where  extreme  reliability  is  required,  as  in  fire- 
detectors  aboard  ship,  the  simple  self-generating  cell  and 
magnetic  relay  may  be  preferred  to  the  phototube-and- 
amplifier  system 


be  obtained  with  non-magnetic  con¬ 
tact  points  (See  Figs.  1  and  2.) 

The  importance  of  this  extra  con¬ 
tact  pressure  in  assuring  a  sure  low- 
resistance  electrical  contact  will  be 
clear  if  we  realize  that,  in  actual 
use,  there  is  no  such  thing  as  a  com¬ 
pletely  clean  contact.  Even  if  we 
eliminate  all  possibility  of  oxidation 
or  corrosion  by  the  use  of  pure 
platinum  contacts,  the  accumulation 
of  a  film  from  air-borne  grease, 
dust,  moisture,  etc.  will  take  place. 
Even  on  seemingly  mirrorlike  sur¬ 
faces,  its  existence  can  be  proved  by 
resistance  measurements.  Appar- 


with  high  contact  capacity,  a  relay 
having  magnetic  pull-in  contacts  is 
able  to  provide  a  power  transfer 
(amplification  ratio)  of  some  2,500,- 
000,000  times  the  energy  required 
to  actuate  the  moving  coil  of  the  in¬ 
strument  movement.  This  is  ap¬ 
proximately  5,000  times  greater  than 
the  ratio  which  can  be  obtained  if 
contact  must  be  established  solely 
by  the  pressure  arising  from  the 
energy-source  initiating  the  closure. 
It  is  greater  than  can  be  obtained 
with  several  stages  of  a  radio  amp¬ 
lifier.  Indeed,  when  required,  this 
type  of  relay  can  be  made  to  close 


tinuously  at  one  or  more  points,  and 
to  sound  an  alarm,  stait  blowers 
working,  or  both,  within  a  matter  of 
seconds  after  a  predetermined  con¬ 
centration  is  found  to  exist.  One 
such  device  which  has  found  wide 
application  will  detect  concentra¬ 
tions  of  carbon  monoxide  as  low’  as 
2  parts  in  10,000.  Another  detects 
minute  concentrations  of  hydrogen 
sulphide.  Detection  of  combustible 
gas-air  or  vapor-air  mixtures  are  a 
major  application  for  still  another. 

Depending  upon  the  character  and 
concentration  of  the  ga.ses  or  mix¬ 
tures  W’hich  the  unit  is  intended  to 


36 


December  79^0  —  ELECTRONICS 


¥ 


WAPNINO 
TRAFFIC  UOHTA 
normaclv  out 


•SSSfiffifli, 

'  1 

1 

1 

E, 

'  r 

1 

PtiFi  n 

X  CLOSE  AT 

Fig.  6 — Distortion  ol 
the  earth's  magnetic 
field,  caused  by  the 
passage  of  a  car,  may 
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change  in  energy  with¬ 
in  a  pick-up  coil  to 
close  a  magnetic  relay 


1  MICROAMP. 


Fig.  7  -Control  of  air¬ 
way  beacon  lamps  by 
photocell  and  relay 
combinations  is  now 
standard  practice.  The 
older  clock-controlled 
system  may  well  stay 
asleep  at  the  switch 


reveal,  analyzing  chambers  of  vari¬ 
ous  types  are  employed.  Their  basic 
principle  ordinarily  involves  a  means 
of  alterinjr  the  resistance  in  one  leg 
of  a  Wheatstone  bridjje  circuit  by 
some  chemical  or  thermal  action  of 
the  Kases  (.see  Fijr.  4).  In  one  such 
unit,  the  critical  level  of  gas  con¬ 
centration  leads  to  a  potential  of 
but  one  millivolt  as  a  basis  for 
response.  In  another  type  of  unit 
using  a  photocell  to  determine  the 
extent  of  a  light-interrupting  chem¬ 
ical  reaction  caused  by  the  gas,  the 
zero  .setting  of  the  relay  is  15  micro¬ 
amperes  and  the  working  range  of 
the  relay  is  plus  or  minus  10  micro¬ 
amperes. 


5.  A  circulating  fan  draws  air  con¬ 
tinuously  through  these  tubes,  and 
pa.sses  it  through  chambers  which 
lie  between  a  light  source  and  a 
photocell.  The  presence  ot  smoke 
causes  a  decrease  in  the  current 
generated  by  the  cell  and  closes  the 
relay  contact  to  sound  an  alarm. 


Shipboard  Fire  Detectors 

Development  of  units  for  assur¬ 
ing  safety  at  sea  by  the  immediate 
detection  of  fire  in  any  section  of 
ship’s  hold  has  reached  a  point 
where  they  are  “required  equipment.” 
A  type  recently  installed  on  impor¬ 
tant  new  vessels  involves  a  number 
of  sampling  tubes  running  from  vari¬ 
ous  holds  to  a  central  control  cabi¬ 
net  on  the  bridge  as  shown  in  Fig. 
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automatic  ignition  sequence  during 
the  lighting  and  heating-up  periods. 
Fuel  supply  is  immediately  shut  off 
and  a  warning  given  should  any 
factor  contributing  to  safe  operation 
of  the  furnace  fail  to  stay  in  oper¬ 
ation. 


Vehicle- Actuated  Traffic  Light 

Another  highly  important  safety 
application  requiring  positive  relay 
operation  from  a  current  of  one  or 
two  microamperes  has  developed  in 
the  traffic  signaling  field.  At  inter¬ 
sections  where  it  is  desired  that  ve¬ 
hicles  approaching  a  main  highway 
from  a  side  road  shall  provide  the 
impulse  for  initiating  a  signal  se¬ 
quence,  a  buried  induction  coil  is 
employed.  Any  automobile  or  other 
metallic  body  passing  above  the  coil 
upsets  its  normal  relationship  to  the 
earth’s  field,  and  the  resulting  im¬ 
pulse  closes  the  contacts  of  the  sen¬ 
sitive  relay  as  illustrated  in  Fig.  6. 

The  unit  has  obvious  advantages 
over  mechanical  pressure  plates  in 
the  roadway  from  the  maintenance 
standpoint,  particularly  where  ice 
and  snow  are  likely  to  be  encoun¬ 
tered.  The  detector  coil  is  sealed  and 
placed  in  position  under  the  road- 
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Oven  or  Furnace  Protector 

Interestingly  enough,  an  auto¬ 
matic  unit  for  detecting  the  absence 
of  fire  is  also  finding  wide  applica¬ 
tion  as  an  industrial  safety  device. 
The  unit  is  inte^^ded  to  protect  gas- 
fired  ovens  against  possible  failure 
of  the  pilot  light  and  against  danger¬ 
ous  consequences  which  might  result 
from  the  failure  of  power,  fuel  sup¬ 
ply,  or  air  supply.  It  also  provides 
an  automatic  ignition  sequence  for 
lighting  the  oven  or  furnace. 

This  device  consists  of  a  thermo¬ 
couple  located  so  as  to  be  influenced 
by  the  pilot  flame  alone,  a  sensitive 
magnetic-contact  relay  set  to  respond 
to  the  significant  changes  in  thermo¬ 
couple  output,  and  a  control  circuit 
involving  switching  and  time-delay 
features  acts  to  provide  the  desired 
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Fig.  8 — Carrier  current  impulses  sent  orer 
power  lines  may  be  used  to  close  a  mag¬ 
netic  relay  and  connect  additional  load 
when  the  system  operator  finds  the  de¬ 
mand  from  other  sources  falling  off 


way.  A  single  unit  will  detect  ve¬ 
hicle  movement  on  a  traffic  lane  up 
to  20  feet  in  width  if  required. 

A  variation  of  the  same  principle 
is  also  now  being  employed  in  a 
novel  safety  unit  for  buses  which 
must  make  railroad  crossings.  Here, 
the  detecting  coil  and  relay  are  lo¬ 
cated  within  the  bus,  being  set  to 
respond  to  the  influence  of  another 
warning  coil  located  under  the  pave¬ 
ment  adjacent  to  the  tracks.  As  the 
bus  reaches  the  crossing,  a  warning 
signal  visible  to  the  passengers  is 


flashed,  and  the  driver  is  reminded 
that  he  must  bring  the  bus  to  a 
complete  stop  before  proceeding. 
Here,  again,  as  in  many  of  our 
previous  examples,  there  are  num¬ 
erous  systems  by  which  such  a  unit 
could  be  made  to  operate,  but  con¬ 
siderations  of  simplicity  so  impor¬ 
tant  to  commercial  success  led  to 
the  adoption  of  the  magnetic  contact 
relay. 

Airway  Beacon  and  Hazard  Marking 
Control 

Every  10  to  20  miles  along  air 
line  routes  throughout  the  country, 
light  beacons  are  maintained  for  the 
guidance  of  pilots.  Also,  there  are 
many  smoke  stacks,  water-towers, 
power-line  towers  along  the  routes 
on  which  warning  lights  are  re¬ 
quired.  These  must  be  lighted  at 
night  as  darkness  levels  prescribed 
by  the  Civil  Aeronautics  Authority. 
An  automatic  illumination  control 
unit  which  turns  these  lights  on  and 
off  at  the  required  foot-candle  levels, 
regardless  of  the  time  of  day,  has 
been  recognized  as  providing  extra 
safety  in  the  case  of  sudden  storms, 
while  permitting  current  saving  on 
bright  days.  Its  use  for  this  pur¬ 
pose  has  been  approved  under  Gov¬ 
ernment  Specifications. 

This  unit,  as  well  as  others  ap¬ 
plied  to  airport  approach  lights,  in¬ 
volves  the  use  of  the  magnetic  con¬ 
tact  relay  in  connection  with  a  Pho- 
tronic  cell  to  determine  and  act  on 
outdoor  light  conditions  (see  Fig. 
7). 

Carrier  Current  Remote  Control 

Although  the  applications  for 
magnetic  contact  relays  thus  far 
described  have  involved  automatic 
warning  or  control  for  safety  pur¬ 
poses,  commercial  development  in 
other  areas  has  also  made  rapid 
progress.  One  of  the  more  inter¬ 
esting  of  these  is  the  “wired  radio” 
system  of  remote  control,  which 
provides  a  simple  system  for  turn¬ 
ing  on  and  off  electric  heaters  and 
other  installed  equipment  direct  from 
the  substation  thus  permitting  the 
sale  of  excess  energy  on  an  “off- 
peak”  basis.  These  control  units 
(see  Fig.  8)  are  designed  to  operate 
for  long  periods  in  customers’  base¬ 
ments,  up  the  side  of  line  poles,  in 
the  bases  of  street  lighting  stand¬ 
ards  and  other  locations  where 
freedom  from  frequent  servicing  is 
essential. 


Fig.  9 — Automatic  adjustment  of  the  gain 
of  repeater  amplifiers  in  telephone  service 
may  be  obtained  by  relays  haring  a  mar¬ 
ginal  response  between  22  and  33  micro¬ 
amperes 


Fig.  10 — Automatic  weighing  may  be  ac¬ 
complished  by  interrupting  the  light  on  one 
of  two  phototubes,  the  first  cutting  off  the 
main  supply,  the  second  cutting  off  a 
smaller  supply  at  the  instant  the  required 
weight  is  reached 


In  this  system,  control  of  the  re¬ 
mote  loads  is  accomplished  by  means 
of  carrier  current  signals  sent  out 
from  a  substation  along  the  same 
feeders  which  carry  the  60-cps 
power  that  is  to  be  controlled.  The 
relay,  in  combination  with  a  filter, 
must  respond  to  a  high  frequency 
signal  which  is  a  fraction  of  a  milli- 
ampere  at  less  than  one  volt,  and 
yet  handle  several  watts  of  110-volt 
power  on  its  contacts. 


High  Frequency  Telephone  Circuit 
Regulator 

Another  important  application  of 
the  magnetic  contact  relay  in  con¬ 
nection  with  so-called  “carrier”  sys¬ 
tems  arises  in  long-lines  telephony 
service,  where  multi-channel  high- 
frequency  transmission  over  open 
wire  circuits  has  attained  wide  us¬ 
age.  One  such  system  comprises  six 
channels — 3  in  each  direction — in 
the  band  from  10  to  30  kc. 


Because  attenuation  due  to  line 
losses  is  greatly  affected  by  weather 
changes  and  differs  on  each  fre¬ 
quency,  some  means  must  be  pro¬ 
vided  for  making  an  automatic  ad¬ 
justment  to  compensate  for  the 
variations  taking  place  and  hold  the 
overall  transmission  uniform.  In 
effect,  these  changes  are  compen¬ 
sated  for  by  a  regulator  circuit 
which  is  called  to  action  by  a  mag¬ 
netic  contact  relay  set  to  keep  tabs 
on  the  variations  in  attenuation.  A 
change  in  attenuation  of  0.5  db  in 
either  direction  in  a  “pilot”  signal 
carried  by  the  line  actuates  the  re¬ 
lay.  (See  Fig.  9.)  A  second  relay 
sounds  an  alarm  when  large  changes 
in  attenuation  occur — as  when  the 
line  is  open  or  short-circuited. 

Automatic  Weighing 

Among  the  systems  of  automatic 
weighing  which  have  acquired  in¬ 
dustrial  importance  in  recent  years, 
one  of  the  most  widely  used  oper¬ 
ates  on  the  light-beam  interruption 
principle:  That  is,  the  dial  pointer 
is  arranged  to  interrupt  a  light 
beam  falling  on  a  photoelectric  cell 
when  the  desired  weight  is  reached. 
Larger  scales  are  equipped  with  a 
double  acting  control  so  arranged 
that  the  main  feed  is  closed  as  the 
correct  weight  is  approached,  and  a 
.smaller  or  dribble  feed  cuts  off  at 
the  exact  weight  (Fig.  10).  Use  of 
the  magnetic  contact  relay  in  con¬ 
nection  with  photocells  of  the  self¬ 
generating  type  for  automatic 
weighing  has  found  particular  favor 
because  of  the  simplicity  of  the 
method  of  power  transfer  in  com¬ 
parison  to  electronic-tube  amplify¬ 
ing  systems. 

As  a  matter  of  fact,  the  single 
limitation  to  the  use  of  magnetic 
contact  relays  which  seems  to  loom 
large  in  the  minds  of  designers  con¬ 
templating  their  application  is  the 
necessity  for  resetting  the  relay  (re¬ 
separating  the  magnetic  contacts) 
after  each  operation.  Yet,  with  the 
exception  of  the  limited  number  of 
applications  where  power  transfer 
must  necessarily  be  continuous 
rather  than  intermittent,  the  prob¬ 
lem  is  easily  overcome. 

In  a  subsequent  discussion  to  be 
published  in  an  early  issue  resetting 
methods  employed  in  the  commercial 
devices  here  described  will  be  re¬ 
viewed,  along  with  other  factors 
significant  to  successful  application 
of  relays  of  this  type. 
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Diathermy  Measurement  Technique 


An  accurate  method  of  measuring  the  r-f  power  input  to  a  patient  undergoing  shortwave  dia¬ 
thermy  treatment  is  described,  and  its  use  outlined  in  connection  with  a  diathermy  machine.  In¬ 
terference  with  radio  services  minimized  hy  reducing  the  possibility  of  stray  radiation 


Treatment  by  radio  frequency 
currents  constitutes  a  well  es¬ 
tablished  branch  of  physical  therapy. 
The  radio  frequencies  produce  a 
deep  heatinit  within  the  bod>'  tissue 
which  may  be  of  marked  therapeutic 
value.  The  term  “diathermy”,  com¬ 
monly  employed  to  describe  this  ef¬ 
fect,  means  literally  “a  warming? 
throuKh”. 

A  common  mode  of  application  of 
ultrahigh-frequency  diathermy  is  by 
two  air-spaced  electrodes.  One  is 
placed  on  each  side  of  the  area  un¬ 
der  treatment,  thus,  subjecting  it 
to  a  radio-frequency  electric  field. 
The  bony  and  soft  tissues  act  much 
like  dielectrics  shunted  by  resis¬ 
tances.  The  therapeutic  effects  of 
the  diathermy  are  largely  due  to 
heat,  the  dielectric  losses  being 
mair^v  responsible  for  the  heat  pro¬ 
duced. 

The  heat  or  energy  absorbed  by 
the  patient  equals  the  average  rate 
of  absorption  times  the  length  of 
time  of  treatment.  The  length  of 
time  can  be  readily  controlled.  How'- 
ever,  in  the  ordinary  diathermy  ma- 
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chine,  the  time  rate  of  energy  ab¬ 
sorption,  or  power  input  to  the 
patient,  is  unknown. 

A  common  disadvantage  of  pres¬ 
ent  day  diathermy  equipment  is  its 
inability  to  measure  the  power 
actually  absorbed  by  the  patient.i 
It  is  common  practice  to  increase  the 
power  input  to  the  patient  until  a 
definite  sensation  of  warmth  is  ex¬ 
perienced.  However,  the  reactions 
of  different  individuals  to  the  same 
power  input  vary  widely.  A  radio¬ 
frequency  current  or  voltage  meas¬ 
uring  device  may  be  provided  in  the 
patient  circuit  of  the  diathermy  ma¬ 
chine  as  a  re.sonance  indicator,  but 
due  to  variations  in  the  “equivalent 
resistance”  of  different  patients  it 
does  not  give  a  significant  indica¬ 
tion  of  the  power  delivered  to  the 
patient.  Thus,  experience  gained  in 
treating  one  patient  cannot  be  fully 
applied  in  the  treatment  of  others. 
Although  a  measure  of  the  power  is 


highly  desirable  in  applying  di¬ 
athermy  to  humans,  it  is  vital  to 
its  proper  application  to  animals, 
since  not  even  the  response  of  the 
animal  can  be  used  as  a  guide. 

The  power  input  to  the  patient 
can  be  expressed  either  in  watts  or 
in  calories  per  minute  (one  watt 
equals  14.3  gram-calories  per  min¬ 
ute).  This  may  be  designated  as 
the  dose-rate.  The  heat  or  energy 
absorbed  by  the  patient  is  the  aver¬ 
age  dose-rate  times  the  length  of 
time  of  treatment.  This  may  be 
spoken  of  as  the  dose,  and  can  be 
expressed  in  watt-minutes  or  in  cal¬ 
ories. 

The  Diathermic  Dosemeter 

It  is  the  purpose  of  this  article  to 
describe  an  ultrahigh-frequency  di¬ 
athermy  machine  called  a  “dose- 
meter-diatherm”,  which  gives  a 
direct  reading  of  the  power  input 
or  dose-rate  to  the  patient  under 
treatment.  The  method  used  for 
measuring  the  power  follows  one 
described  by  Mittelmann.-  Another 


Fig.  1 — Right,  dosemeter-diathermy  at  used  ior  treating  the  sinuses.  The  dose 
rate  is  read  on  the  meter  above  the  patients  head 

Fig.  2 — Below,  complete  circuit  diagram  oi  the  diathermy  machine  and  dosemeter 


Oscillator  frequfmy  Ion  impedame 


Fig.  3 — Scale  for  meter  giving 
dose  rate  in  calories  per  minute 


feature  of  the  machine  is  that  power 
losses  by  radiation  are  very  low. 

Figure  1  show’s  the  dosemeter- 
diatherm  in  use.  It  consists  of  two 
units  of  all-metal  construction.  The 
larger,  castor-equipped  unit  contains 
the  oscillator  and  power  supply. 
The  smaller  unit  or  dosemeter  is 
supported  from  the  larger  cabinet 
as  shown.  This  unit  carries  the  ap¬ 
plicator  electrodes  and  contains  a 
fixed  coil  and  variable  condenser  for 
resonating  them  to  the  oscillator 
frequency.  The  dosemeter  unit  is 
situated  close  to  the  point  of  appli¬ 
cation,  short  applicator  leads  being 
used  to  reduce  both  circuit  and 
radiation  losses.  A  low-loss,  low- 
impedance,  two  W’ire  line  with  0.3 
inch  spacing  couples  the  dosemeter 
to  the  oscillator.  This  line  is  flexible 
and  enclosed  in  an  insulating  sheath. 

The  oscillator  has  tw’o  lOOTL 
tubes  in  a  conventional  push-pull 
circuit  (see  Fig.  2).  The  pow’er  sup¬ 
ply  consists  of  a  full-w’ave  rectifier, 
using  two  866  tubes,  and  a  large 
filter.  Plate  voltage  and  oscillator 
frequency  controls  are  provided. 
These  are  located  on  the  sloping 
panel  at  the  top.  A  frequency  of 
about  42  megacycles  is  normally  em¬ 
ployed.  A  time  switch  for  auto¬ 
matically  turning  off  the  machine  at 
any  time  up  to  30  minutes  is  in¬ 
cluded  on  the  panel.  A  hinged  cover, 
shown  open  in  Fig.  1,  can  be  lowered 
over  the  control  panel  and  locked 
when  the  machine  is  not  in  use. 
Windows  on  the  front  of  the  cabinet 
permit  a  good  view  of  both  oscillator 
and  rectifier  tubes.  A  radio  fre¬ 
quency  filter  is  incorporated  where 
the  power  line  enters  the  cabinet. 

The  brackets  supporting  the  dose¬ 
meter  permit  both  horizontal  and 
vertical  adjustments.  The  insulated 
gooseneck-type  connectors  which 
carry  the  applicators,  allow  still  fur¬ 
ther  adjustments.  The  applicator 
electrodes  are  disc  shaped  and  are 
completely  enclosed  in  a  plastic  hous¬ 
ing. 


The  large  meter  on  the  dosemeter 
unit  indicates  the  dose-rate.  The 
scale  for  this  meter,  giving  the  dose- 
rate  in  calories  per  minute,  is  shown 
in  Fig.  3. 

This  machine  is  designed  for  use 
by  a  practicing  otolaryngologist  for 
treatment  of  conditions  of  the  ear, 
nose,  and  throat.  Hence,  the  appli¬ 
cators  are  arranged  for  convenient 
application  to  the  head  and  neck.  In 
Fig.  1  the  machine  is  being  used  for 
treatment  of  the  sinuses.  The  ma¬ 
chine  could,  however,  be  readily 
adapted  for  treatment  of  other  parts 
of  the  body. 

Radiation 

The  patient  receives  only  part  of 
the  radio  frequency  power  output 
from  a  diathermy  machine.  The  re¬ 
mainder  of  the  power  output  is 
either  radiated  or  dissipated  as  heat 
in  the  conductors  or  dielectrics  of 
the  circuits. 

The  power  input  to  the  patient  is 
the  effective  power.  The  power 


tion  from  this  part  of  the  circuit  is 
greatly  reduced.  At  7  meters  the 
leads  are  less  than  0.05  wavelength 
long  with  about  0.03  wavelength 
spacing.  The  radiation  from  the 
balanced,  low-impedance  line  con¬ 
necting  the  dosemeter  unit  to  the 
oscillator  is  negligible. 

Power  Measurement 

The  patient  circuit  of  the  dose- 
meter-diatherm  is  shown  schema¬ 
tically  in  Fig.  4.  In  general,  when 
an  object  is  placed  between  the  ap¬ 
plicator  plates,  both  the  load  resis¬ 
tance  and  reactance  are  changed. 
The  latter  is  compensated  by  res¬ 
onating  the  circuit  with  condenser, 
C.  The  meter  E  reads  values  pro¬ 
portional  to  the  voltage  across  the 
plates. 

The  equivalent  circuit  is  shown  in 
Fig.  5.  When  no  object  is  between 
the  plates,  the  output  is  shunted 
only  by  the  equivalent  loss  resis¬ 
tance  Ri..  With  the  patient  between 
the  plates,  the  effect  is  equivalent 


Fig.  4 — Schematic  diagram  of  the  pa¬ 
tient  circuit  of  the  dosemeter-diatherm 


Fig.  5 — Equivalent  diagram  for  the  patient 
circuit  from  which  dosage  is  computed 


radiated  represents  a  loss  and  also 
constitutes  a  source  of  serious  radio 
interference.  In  ultrahigh-frequency 
machines  having  relatively  long, 
widely  spaced  leads  to  connect  to  the 
applicators,  much  power  may  be 
radiated  from  the  leads  themselves. 
With  such  leads  the  system  may  ap¬ 
proach  the  dimensions  of  a  “flat-top 
beam”  antenna,  which  consists  of 
tw’o  closely-spaced  out-of-phase  di¬ 
poles.  It  has  been  shown  that  even 
when  the  radiating  efficiency  of  such 
an  antenna  is  reduced  by  the  pres¬ 
ence  of  large  values  of  loss  resis¬ 
tance,  a  considerable  fraction  of  the 
power  input  to  the  antenna  may, 
nevertheless,  be  radiated.*  As  an 
antenna  the  efficiency  may  be  low, 
but  as  a  device  for  transferring 
power  to  a  patient,  it  represents  ex¬ 
cessive  radiation.  The  pow’er  dis¬ 
sipated  in  the  loss  resistance  re¬ 
ferred  to  in  the  case  of  the  antenna 
corresponds  to  the  patient  power 
with  the  diatherm. 

By  using  very  short,  closely- 
spaced  leads  to  the  applicators  on 
the  dosemeter-diatherm,  the  radia¬ 


to  closing  the  switch  S  putting  the 
equivalent  patient  resistance  R,  in 
parallel  with  Rl.  Mittelmann*  has 
shown  that  it  is  possible  to  express 
the  patient  power  Wp  in  terms  of 
the  resonant  voltage  without  a 
load,  and  E^  with  the  patient  or  load. 
In  Mittelmann’s  development  it  is 
assumed  that  the  generator  voltage 
e  is  constant. 

A  more  general  development  can 
be  given  in  which  it  is  not  necessary 
to  assume  that  the  voltage,  current, 
or  power  output  of  the  generator  is 
constant.  Neither  need  F  be  a  con¬ 
stant.  The  loss  resistance  Ri.  will 
be  considered  constant  although  this 
is  not  necessary.  The  more  general 
development  is  as  follows: 

Let  y  he  a  function  of  the  total 
shunt  resistance  R,  or  y  =  f  (R,). 

Then  E,  =  y,  R,  and  E,  =  y, 

The  patient  resistance  is  then. 


R. 


Ei  Rl 

^  Ex  -  E, 


Since  M' 


yi 

we  obtain, 
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Signal  Range  of 
High-Frequency  Broadcast  Stations 

(Prepared  by  the  Engineering  Department,  Federal  Communications  Commission) 

Distance  in  Miles  or  Transmitting  Antenna  Height  in  Feet 

5  20  50  50  70  100  150  200  500  500  700  LOOO  1500  2j000  5000  5000  7,000  10,000  15000  2C 


Example:(see dashed  ' 

Ime7  ^ 

Connect  antenna  height  h,  w 
750  feet,  vertically  with  the  \ 
effective  station  power  \ 

2fl00  watts,  (ontenna  power 
times  square  of  antenrxi  field 
gain).  Connect  intersection 
noriiontally  with  antenna 
height  curves,  750  feet, and 
proceed  vertically  to  expected 
range,  for  50  microvolt  per 
meter  contour,  of  55  miles.  . 
ft.  50  h  p  1- 


0-  .^iLipCitwhereFis 
field  strength 

_i  L..__L__irLl1 


The  range  is  based  on  — 
theoretical  considerations 
of  the  propagation  of  46  Me 
over  la  nd  with  a  cor>ductivity  ^ 
O'  ■  5x  lO'^^emu  and  a  dielectric 
constant  c  ■  15  and  receiving  i — 
antenna  height  of  30  feet- 
colculoted  fora  spherical 
earth  1  I  I  1111  — 
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lOlA  5  KW  Series  Type  Antenna 
Coupling  Unit,  complete  in  weather¬ 
proof  housing. 


D-lSl  139  (50  KW  Series  Excited 
Antenna  Coupling  Unit,  complete  in 
weatherproof  housing. 


BecUic’s  coinp'«^® ^ 
anS  Conltof 

®  „V.at  your  antenna 

•r-»rk  TtVSltt©!  _ _ 


power-no  ^.omplete  Ime 

Western  Elect  ^  Sortie 

ellicient,  econortnca  watts  to 

Utiits  tor  J^Xuvery  on  eyerythmg 
ve  you  immediate 
oadcasting- 


jdcasting-  ^ 

m  Electric 

ff  «  A  Grayba' **  New/oui 


ES-675364  (3  wire)  Tower  Lighting 
Choke  Coil.  (For  heavier  power  require¬ 
ments.) 


ES-675768  RF  Isolation  Coil  for  by¬ 
passing  phase  monitor  sampling  lines 
tround  tower  insulator. 


strength  of  all  plant-  transmitters  is 
standardized,  and  if  no  directional  ef¬ 
fects  are  present,  the  c-r  tube  screen 
may  be  calibrated  horizontally  directly 
in  miles.  The  vertical  scale,  corres¬ 
ponding  to  frequency,  is  calibrated  in 
feet  of  altitude. 

The  uses  to  which  the  system  may 
be  put,  according  to  .Mr.  Wallace,  in¬ 
clude  the  following:  anti-collision  indi¬ 
cation;  differentiation  between  fixed 
obstacles  (such  as  jrround  stations) 
and  planes;  directional  indications  by 
makin;;  use  of  the  directional  antennas, 
and  determination  of  ab.solute  altitude. 
The  accuracy  with  which  the  aneroid 
barometer  freciuency  control  operates 
to  fixed  stations  on  the  pround  which  is  enhanced  by  the  use  of  electrical 

transmit  sipnals  of  frequency  con-  amplification,  rather  than  the  mechani- 

trolled  by  the  harometric  pressure  on  c-al  amplification  customarily  used  in 
the  pround.  Thus  the  airplane  may  barometric  instruments, 
ascertain  its  altitude  by  relative  read- 
inps  of  frequency  between  the  pround 
station  frequency  control,  and  the 
plane’s  frequency  control.  Chanpes  in 
the  absolute  value  of  barometric  pres¬ 
sure  do  not  influence  the  system,  since 
both  pround  transmitter  and  pano¬ 
ramic  receiver  shift  frequency  simul¬ 
taneously  with  absolute  chanpes  in 
pressure.  The  pround  stations  are 
identified  and  distinpuished  from 
other  airplane  transmitters  by  char¬ 
acteristic  keyinp  sipnals. 

The  amplitude  of  the  V  on  the 
cathode-ray  screen  indicates  the  sipnal 
strength  of  the  incominp  wave,  and 
this  may  be  used  to  pain  an  approxi¬ 
mate  idea  of  the  distance  to  the  pround 
station  or  other  plane  from  which 
the  sipnal  is  cominp.  If  the  sipnal 


TUBES  AT  WORK 


A  transmitter  whose  frequeney  is  eon- 
trolled  by  a  barometer  for  altitude  indi¬ 
cation,  phonoji^apli  music  transduced 
from  a  stylus  to  a  photocell,  4104  photo¬ 
tubes  to  control  a  new  Broadway  sij?n, 
and  an  infrared-sensitive  photorelay 


Panoramic  Reception  Applied 
to  Aerial  Navigation 

An  unique  refinement  of  the  pano¬ 
ramic  reception  technique  de.scribed  in 
the  June,  1940  issue  of  Electronics 
has  been  made  by  its  inventor,  Marcel 
Wallace,  to  the  problems  of  navipation 
of  aircraft.  Briefly  the  system  is  as 
follows:  the  plane  is  equipped  with  a 
panoramic  receiver  which  tunes  over  a 
band  of  frequencies  continuously  and 
repeatedly  at  a  rate  of  from  30  to  150 
times  per  second.  The  sipnals  received 
as  the  tuninp  passes  over  the  band  are 
indicated  on  the  face  of  a  cathode  ray 
tube,  whose  vertical  deflection  is  pro¬ 
portional  to  the  frequency  and  whose 
horizontal  deflection  is  proportional 
to  the  signal  strength.  A  “V”  shaped 
trace  appears  on  the  screen  for  each 
station  received  within  the  tuned  band, 
the  axis  of  symmetry  of  the  V  being 
horizontal.  The  cathode-ray  tube  in¬ 
dicator  is  mounted  before  the  pilot,  but 
the  receiving  equipment  may  be 
mounted  wherever  convenient  in  the 
plane. 

Also  located  in  the  pHne  is  a  trans¬ 
mitter,  a  low  power  5  watt  oscillator, 
whose  output  frequency  is  made  to 
correspond  to  the  center  frequency  of 
the  range  swept  over  by  the  panoramic 
receiver.  The  receiver  signal  circuit 
is  interrupted  momentarily  when  the 
tuning  passes  over  this  central  fre¬ 
quency,  so  the  output  of  the  local  trans¬ 
mitter  does  not  affect  the  receiver. 

The  unusual  application  of  the  sys¬ 
tem  rests  in  the  control  of  the  fre¬ 
quency  of  the  transmitter,  as  well  as 
the  center  frequency  of  the  received 
band  of  frequencies,  by  air-pressure 
controlled  elements,  of  the  aneriod 
barometer  cell  variety,  which 
causes  the  frequency  to  change 
as  the  altitude  of  the  plane  changes. 
Th|us  if  the  receiver  picks  up  a 
signal  from  another  plane,  the  alti¬ 
tude  of  this  plane  is  indicated  by  the 
vertical  position  of  the  V-shaped  trace 
on  the  receiver  indicator.  At  the  same 
time  the  transmitter  in  the  plane  indi¬ 
cated  its  altitude  to  all  other  planes 
equipped  with  panoramic  receivers. 
Thus  the  relative  altitudes  of  several 
planes  may  be  indicated  simultaneously 
to  all  the  pilots  concerned,  and  the 
possibilty  of  collision  greatly  reduced. 

The  absolute  altitude  of  the  plane 
equipped  with  the  panoramic  receiver 
may  also  be  indicated  with  reference 


A  Pholm»l«*olrir 
Plioiiograpli  Krprodiiorr 

A  NEW  HHOTOELECTRlf  IMIONOCRAPH  re¬ 
producing  device  is  available  on  the 
larger  radio-phonograph  combinations 
manufactured  by  the  I’hilco  ('orpora- 
tion.  The  reproducer  consists  of  three 
main  elements:  an  incandescent  source 
of  light,  a  jewel  stylus  to  which  is  at¬ 
tached  a  very  thin  mirror,  and  a  selen¬ 
ium  cell.  These  elements  are  mounted 
in  the  head  of  the  reproducer  as  shown 
in  the  accompanying  photograph.  Light 
is  reflected  from  the  light  source  to  the 
surface  of  the  selenium  cell  by  the 


RADIO  CONTROL  OF  ANTI-AIRCRAFT 


In  the  Army's  anti-aircraft  target  practice,  a  sock  target  is  towed 
at  on  altitude  of  from  15.000  to  20,000  feet.  The  pilot  of  the 
towing  plane  is  directed  by  two-way  radio  from  the  Battalion 
Headquarters  Battery  truck.  When  the  safety  officer  gives 
clearance,  anti-aircraft  guns  fire  on  the  target 
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VOLTAGE  REGULATORS 


The  Type  "TH"  Transtat  Regulator  is 
being  selected  for  numerous  voltage- 
control  applications  because  of  its  many 
advantages  over  resistive  and  tap¬ 
changing  methods.  Voltage  may  be 
changed  gradually,  and  without  circuit 
interruption,  from  zero  to  values  con¬ 
siderably  higher  than  line  voltage.  More¬ 
over,  it  offers  high  efficiency,  flexibility, 
good  regulation  and  rugged  construction 
at  low  cost.  All  of  these  features  are 
possible  in  the  Transtat  because  it  is  a 
continuously  variable  auto-transformer — 
the  ideal  voltage  control  for  alternating- 
current  circuits. 
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Typical  afficlancy  curve  for  Typa  "TH” 
Transtat  Regulator 
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Typical  regulation  curve  for  Type  "TH” 
Transtat  Regulator. 


RATINGS 

For  loads  from  500  Va.  fo 
20  Kva. 

For  1 1 5-,  230-  or  460-volt 
input. 

For  single-phase  or  poly¬ 
phase  service. 

For  frequencies  of  25,  50  or 
60  cycles. 

Output  range  0  to  113% 
of  input  voltage. 

Rated  current  at  any  output 
voltage. 

Manually  operated,  air-insu¬ 
lated  type. 

CHARACTERISTICS 

Smooth  control  without  cir¬ 
cuit  interruption. 

High  Efficiency*  under  all 
operating  conditions. 
Good  regulation* — output 
voltage  practically  inde¬ 
pendent  of  load. 

Low  operating  temperature 
— 55”  C.  rise. 

Voltage  change  Is  at  uni¬ 
form  rate. 

Practically  no  effect  upon 
power  factor. 

Low  exciting  current — from 
l”/o  to  6%. 

Does  not  cause  wave-form 
distortion. 

FEATURES 

Small  size  and  light  weight 
for  power  rating. 

Mounting  Is  rugged,  venti¬ 
lated  and  reversible. 

Brush  Is  self-aligning  and 
counter-balanced. 

Dials  are  calibrated  to  In¬ 
dicate  output  voltage. 
Polished  Commutator  pre¬ 
vents  sparking  and  arcing. 
Glass  coil  Insulation  pre¬ 
vents  damage  from  heat. 
Several  units  may  be  ganged 
on  one  shaft. 

NEW  CATALOG 

Catalog  (20  pages)  gives  com¬ 
plete  data  on  63  standard 
ratings,  including  12  pages 
with  26  diagrams  telling  "How 
to  use  the  Transtat." 

*See  Performance  Curves 


Manufacturers 
Since  1901 
at  Newark,  N.  J, 


AMERICAN  TRANSFORMER  CO. 

178  Emmet  St.,  Newark,  N.  J. 

ELECTRONICS  —  December  1940 


AMERICAN  TRANSFORMER  CO. 

178  Emmet  St.,  Newark,  N.  J. 

Please  send  me  Bulletin  51-2  with  complete  data  on 
Type  "TH"  Transtat  Voltage  Regulators. 

Name  . 

Company  . 

Address  . 

City .  State . 
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CALLITE  LEAD-IN  WIRES,  WELDS  &  CDNTACTS 


Let  the  thermometer  rise  or  fall  S°— the 
weather  man  is  safe  with  his  prediction, 
"little  change  in  temperature".  But  to  the 
broadcast  engineer,  intent  on  keeping  his 
statioir  carrier  "on  the  nose",  a  little  change 
in  crystal  temperature  means  a  fluctuation 
in  minute  fractions  of  a  degree.  It  took 
Thomas  A.  Edison,  Incorporated  engineers 
to  develop  a  thermostat  that  automatically 
maintains  this  crystal  oven  temperature  con¬ 
stant  within  one-tenth  of  a  degree  C.  of  any 
predetermined  value.  Today,  carrier  shift 
due  to  crystal  temperature  variation  has 
been  reduced  to  one  part  in  millions,  thanks 
to  the  genius  of  Thomas  A.  Edison  Incorpo¬ 
rated  engineers. 

Development  of  dependable  instruments 
so  sensitive  naturally  suggests  the  use  of 


Callite  formed  parts.  Callite  lead-in  wires, 
welds  and  contacts  are  used  by  Thomas  A. 
Edison  Incorporated  in  a  wide  variety  of 
sealed-in-glass  thermostats  and  time  delay 
relays  .  .  .  devices  famed  for  precision,  rug¬ 
gedness  and  ability  to  stand  up  under  years 
of  continuous  operation. 

Such  instances  tell  an  eloquent  story  of 
Callite  achievement  in  electronics.  Time 
after  time,  Callite  recommendations  have 
enabled  manufacturers  to  hurdle  discourag¬ 
ing  obstacles  and  realize  important  produc¬ 
tion  economies.  If  you  are  not  satisfied  with 
your  progress  why  not  consult  Callite.  Our 
experience  and  vast  facilities  for  production 
may  save  you  time  and  money.  Send  for 
literature. 


small  mirror.  As  the  stylus  follows 
the  grooves  in  the  record  the  mirrt)r 
is  vibrated  about  a  vertical  axis  so 
that  the  patch  of  lijrht  fallinur  on  the 
selenium  cell  surface  moves  across  the 
boundary  ttf  the  cell,  .•\ccordin^!:ly,  the 
resistance  of  the  cell  is  varied  in  re¬ 
sponse  to  the  inolit)!!  of  the  mirror, 
which  in  turn  is  made  proportional  to 
the  lateral  »lisplacement  of  the  stylus. 
The  principal  advantafje  of  this  ar- 
ranjrement  lies  in  the  fact  that  the 
mechanical  impedance  at  the  stylus 
point  is  reduced  to  a  very  small  value, 
compared  with  that  inherent  in  crystal 
and  mafj'Hdic  type  pick-ups.  Since  the 
stylus  and  mirror  act  simply  as  a  con¬ 
trol  of  the  li^ht  enerjry,  it  is  possible 


The  mechanism  of  the  light-beam 
phonograph  reproducer 


to  make  the  mass  of  the  stylus  assem¬ 
bly  extremely  li>rht,  ami  to  allow  the 
needle  pressure  to  be  reduced  propor¬ 
tionately  w’ithout  encounterinjr  diffi¬ 
culties  due  to  improper  tracking?  of  the 
stylus  in  the  jrroove.  The  net  pressure 
required  on  the  record  is  accordintrly 
only  a  fraction  of  an  ounce,  and  the 
wear  on  the  record  is  reduct  d  by  a 
factor  measured  at  approximately  ten 
times.  Also,  it  is  claimed  that  the  com¬ 
ponent  of  needle  hiss  due  to  friction 
with  the  sides  of  the  record  groove  is 
reduced  in  about  the  same  proportion. 

Several  perplexing  problems  we  re 
solved  in  the  design  of  this  reproducer. 
In  the  first  place,  current  to  light  the 
filament  of  the  lamp  could  not  be  ob¬ 
tained  from  a  60-cps  source  since  this 
frequency  lies  in  the  audible  rang* 
Accordingly,  the  filament  is  fed  from 
a  local  radio  frequency  oscillator, 
tuned  to  about  1,800  kc.  The  lamp 
filament  is  connected  directly  across  a 
portion  of  the  tank  inductance  of  the 
local  oscillator  circuit.  To  obtain  the 
necessary  lightness  in  the  moving  mech¬ 
anism,  the  mirror  used  is  of  ex¬ 
tremely  thin  construction,  similar  to 
that  used  in  moving  coil  galvanom¬ 
eters.  Another  problem  involves  the 


MANUFACTURERS  OF  alactric*!  contact*  of  rofractory  and  pracioua  matals,  bi-m*tals,  laad- 
in  wiias,  filaments  and  grids  —  formed  parts  and  raw  materials  for  all  electronic  applications. 


CALLITE 

TUNGSTEN 

CORPOR^ION 

544  -  39th  STREET 

UNION  CITY,  N.  J. 

CABLE: 

"CALLITES" 

BRANCHES: 

CHICAGO  •  CLEVELAND 
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We  honestly  believe  that  T  R  &  S  Rivets 
are  the  best  you  can  specify  for  your 
production  charts.  Because  T  R  &  S 
Rivets  are  as  close  to  perfection  as  skill, 
inspection  and  processes  of  manufac¬ 
ture  can  produce.  They  are  100% 
usable,  accurately  gauged,  and  are 
backed  by  the  integrity  of  the  world's 
oldest  and  largest  Tubular  and  Split 
Rivet  factory. 

Many  motorized  models  of  our  rivet  set¬ 
ting  machines  are  available  in  single 
stroke  and  multiple  drive.  Inquiries  are 
invited — together  with  samples  of  work 
you  wish  to  do. 


TUBULAR  RIVET  &  STUD  CO. 

World's  Largest  Manufacturers  of  T ubular 
and  Split  Rivets 

WOLLASTON  (Boston)  MASSACHUSETTS 
New  York  Chicago  Detroit  Indianapolis 
San  Francisco  Nashville  Dallas  St.  Louis 


tendency  of  the  selenium  cell  to  ex¬ 
hibit  a  loss  of  response  at  the  hiph 
frequencies  above  3,000  or  4,000  cps. 
This  effect  has  been  counteracted  by  in- 
troducinp  a  mechanical  resonance  in 
the  mounting  of  the  mirror,  which 
emphasizes  the  upper  range  and  ob¬ 
tains  substantially  flat  output  from  the 
selenium  cell  up  to  5,000  cps.  Above 
this  range  the  response  drops  off 
rapidly.  The  output  of  the  selenium 
cell  is  amplified  in  a  pre-amplifier 
stage  before  being  applied  to  the  regu- 
ular  audio  frequency  circuits  of  tbe 
receiver. 


•  •  • 


New  Broadway  Sipii 
Controlled  hy  Phototubes 

THK  production  by  PHOTOELKCTRIC 
means  of  moving  images  on  sign 
boards  composed  on  many  incandescent 
lamps  is  not  new  (see  Ei.ectkonics. 
September  1037,  cover  and  page  21). 
but  refinements  in  the  method  have 


The  phototube-controlled  sign,  show¬ 
ing  three  ducklings  outlined  in  lamps 

been  adopted  in  recent  months.  One  of 
the  more  spectacular  examples  is  the 
advertising  sign  recently  developed  for 
a  distributor  of  whiskey  by  Douglas 
Leigh.  The  signboard  itself  consists  of 
4,104  incandescent  lamps,  each  indi¬ 
vidually  controlled  by  4,104  .separate 
thyratron  tubes,  which  are  in  turn 
controlled  by  4,104  phototubes,  ar¬ 
ranged  in  a  two-dimensiona.  array. 
The  motion  picture  to  be  reproduced 


Douglas  Leigh  and  loan  Crawford 
before  the  bank  of  4104  phototubes 
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Through  the  HEAT  of  the  Oven 
without  a  CRACK... 

How  Monel  contributes  to  econotnical  production 
and  trouble-free  operation  of  Infill  (piality  resistors 


WIRE  wound  on  a  oerainir  con“...a  coat- 
in}i  of  vitreous  enainel...a  metal  fer¬ 
rule  on  each  end... that  is  >onr  ferrule 
terminal  resistor.  But  what  has  Ion*:  puz¬ 
zled  eiifiineers  is  how  to  weld  these  ele¬ 
ments  into  a  solid,  durable  icholc. 

In  the  Hardwick,  Hindle  ferrule  termi¬ 
nal  resistor  this  prohlem  is  solved  hy  the 
use  of  Monel,  ("rackiiifi  and  hreakin}:  dur- 
inp  hakinp  at  1300°  F.,  and  also  durinp 
operation  at  420°  F.,  have  been  larpely 
eliminated.  A  sturdy  unit  with  clean, 
smooth  contacts,  no  loose  parts,  and  pood 
for  hmp,  trouble-free  service  is  the  result. 

^  hat  makes  possible  this  accomplish¬ 
ment?  The  valuable  combination  of  prop¬ 
erties  oflFereil  hy  Monel: 

1.  COEFFICIENT  OF  EXPANSION 

similar  to  that  of  the  ceramic  and  vitre¬ 
ous  enamel. 

2.  RESISTANCE  TO  OXIDATION 

even  durinp  hakinp  at  1300°  F. 

3.  RESISTANCE  TO  CORROSION 

hy  vitreous  enamel  durinp  firinp.  and 


Ferrule  terminal  resistors  marie 
hfi  llartiwiek,  Hindle,  Ine.,  of 
Sewark,  .V.  J,  with  Monel  ferrules 
an  integral  part.  .Available  in  sizes 
13-160  watt. 


hy  damp  atmospheres  durinp  operation. 

4.  GOOD  FABRICATING  QUALITIES 

which  permit  stronp,  permanent  con¬ 
nections  hy  silver  solderinp. 

5.  SILVERY  RUSTLESS  LUSTER 

assurinp  attractive  appearance. 

Just  as  Monel  proves  an  ideal  material  in 
this  application,  so  this  or  another  of  the 
\  ickel-  base  al  loys— “R”  Monel.  “K”  Monel, 
“Z”  Nickel,  Inconel  — may  prove  just  the 
material  you  need.  Write  for  further  infor¬ 
mation  on  these  tonph,  rust  proof  metals 
and  on  Inco  technical  service.  Ask  for  the 
booklet  “Trememlous  Trifles.”  Address: 

THE  INTERNATIONAL  NICKEL  COMPANY,  INC. 
67  Wall  Street  New  York,  N.  Y. 


MONEL 


■Monel"  is  a  repristeretl  trade-mark  of  The  International 
Nickel  Company,  Inc.,  which  is  applied  to  a 
nickel  alloy  containing  approximately  two- 
thirds  nickel  and  one-third  copper. 
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is  projected  onto  this  bank  of  photo¬ 
tubes  from  a  motion  picture  projector 
running  at  20  frames  per  second. 
Those  phototubes  which  are  illuminated 
by  the  image,  control  the  thyratons, 
which  in  turn,  turn  on  the  associated 
lamps,  thus  reproducing  the  image  on 
the  signboard.  The  principle  is  essen¬ 
tially  the  same  as  that  employed  in 
earlier  signs  installed  by  Mr.  Leigh, 
but  the  earlier  signs  made  use  of 
four  lamps  for  each  phototube  and 
thyratron.  The  new  sign,  using  but 
one  lamp  to  each  phototube,  produces 
a  smaller  but  more  detailed  image. 

Three  different  types  of  film  may  be 
used  as  program  fare.  One  type  is  a 
simple  cartoon  made  up  of  squares, 
which  when  projected  cover  the  in¬ 
dividual  phototubes.  Either  positive 
or  negative  films  may  be  used,  depend¬ 
ing  on  the  effect  desired.  The  films 
are  produced  by  the  usual  animated- 
cartoon  technique.  .4  second  type  of 
film  is  made  from  models.  The  third 
type  of  film  is  made  directly  from  live 
I  subjects,  such  as  persons  or  animals, 
I  which  are  photographed  in  front  of  a 
brightly  illuminated  screen,  producing 
a  silhouette  effect.  Among  the  possi¬ 
bilities  is  the  reproduction  of  lighting 
effects  taken  from  other  Broadway 
signs,  by  photographing  them  and  re¬ 
producing  them  on  the  bank  of  lamps. 
The  signboard  contains,  in  all,  .some  10,- 
000  lamps.  The  4,104  lamps  which 
make  up  the  animated  signboard  cover 
an  area  of  21  by  31  feet.  It  is  planned 
to  change  the  program  once  a  month. 

•  •  • 


LONG  DISTANCE 
MICROPHONE 


Shown  at  the  recent  convention  of 
the  Society  of  Motion  Picture  En¬ 
gineers  was  this  "strecanlined  saus¬ 
age"  microphone,'  developed  by 
RCA's  Dr.  Harry  F.  Olson.  The 
microphone  consists  of  many  indi¬ 
vidual  tubes  tuned  to  separate  fre¬ 
quencies  and  was  designed  to  pick 
up  distant  sounds 


HIRC'S 

RUG6EP 

DEPENDABILIjy . 
.  PLUS..-  A 


STUDIO  QUALITY 
RECORDINGS  From 

FAIRCHILD 

PORTUU  MCOUIER 


WhY  Pamper  Tear  Portable  Recorder?  Here's 
Precision  Equipment  that  Laughs  at  Tronble! 

Gone  is  the  day  when  transcriptions  cut  in  the  field  had  to  sacrifice 
tone-quality  and  brilliance  .  .  .  and  gone,  too,  is  the  superstition 
that  precision  construction  cannot  stand  hard  use!  Better  perform¬ 
ance  has  caused  dozens  of  stations  to  standardize  on  Fairchild's 
F-26  Recorders,  both  for  studio  and  field  use.  And  they’ve  turned  in 
thousands  of  higher- fidelity  transcriptions  without  repairs!  Here’s 
why  station  men  you  know  boast  of  their  Fairchild  Recorders: 

IHigh  Gain  AmpIUier  permits  use  of  microphone 
•  without  a  pre-amplifier! 

2  Inatantanaoug  Spend  Change  (33%  RPM  or  78 
•  RPM)  through  push-button  control. 

3  Floating  Motor  Mount  eliminates  all  ptissibility  of 
•  objectionable  motor  vibration. 

Split-Second  Timing  through  synchronous  speed 
A  gear  and  worm  drive  at  33%  RPM  assures  wow- free 
recordings. 

SVariationM  of  pitch  and  direction  of  cut  provided  for 
in  the  recorder  itself.  No  expensive,  troublesnme  addi¬ 
tional  feed  screws  needed. 

6*  Dynamically-Balanced  16-pound  castiron  turntable. 


Write  ior  illustrated  iolder  today ! 

. .  it  had  to  satisfy  Fairchild 
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Qhecking  Station  Performance 
and  Maintaining  fidelity 


SQl’ARH-WA\’H  testing  aiul  stamlardizccl  volume-level 
measurement  are  two  ot  the  most  useful  tools  that 
have  come  to  the  broadcasting  industry  since  the  absorp- 
tit)n  wave-meter  rook  a  back  seat. 

The  contribution  that  both 
can  make  to  more  efficient 
station  practices  and  to  high 
fidelity  broadcasting — includ¬ 
ing  FM  and  television  de¬ 
serves  considerable  attention. 

\'ot  everv  piece  of  equipment 
in  even  the  most  modern 
station  will  pass  a  square 
wave  without  adding  some 
identifying  hump  or  depres¬ 
sion  or  both  to  the  wave-shape.  So  square  waves  must 
not  be  taken  as  a  cure-all.  What  systematic  square-wave 
measurement  can  do  and  very  effectivelv  is  to  show  any 
tendency  toward  departure  from  the  "standard  pattern" 
which  becomes  identified  with  a  given  piece  of  apparatus. 
It  can  show  both  where  improvement  is  needed  and  how 
it  can  be  obtained. 

The  beauty  of  the  square-wave  method  is  that  it  indicates 
in  one  operation  what  is  generally  learned  only  by  tedious 
point-by-point  measurement.  The  square  wave,  consisting 
as  it  does  of  not  onlv  a  fundamental  frequency  bur  also 
dozens  of  harmonics,  makes  an  over-all  test  possible  in 
om  operation.  The  output  of  the  square-wave  generator  is 
merely  compared  on  an  oscilloscope  with  the  wave  after  it 
has  passed  through  the  device  being  tested.  The  oper¬ 
ation  requires  only  a  few  seconds. 

Thus,  this  new  technique  lends  itself  readily  to  daily 


A  STORY  OF  NEW  DEVELOPMENTS 
IN  THE  COMMUNICATIONS 
INDUSTRY 

By  Vr.  J.  PURCELL,  Chief  Engineer,  U  GY 


transmitter  and  equipment  tests  which  are  invaluable  in 
the  maintenance  of  high-fidelity  performance,  and  makes 
it  much  easier  to  check  adjustments  whenever  they  be¬ 
come  necessary.  This  is  not  restricted  to  audio  equipment 
alone,  but  can  also  include  the  modulation  process  as  an 
over-all  test  from  a-f  to  r-f. 


With  this  instrument,  control-room 
engineers  can  ride  gain  with  greater 
accuracy  and  thus  maintain  high 
fidelity  more  easily.  The  instrument 
pointer  reaches  its  peak  quickly, 
with  practically  no  overshoot.  This 
permits  the  observer  to  follow 
the  swings  with  minimum  fatigue 
and  eyestrain. 

G-E  desiy^ninf^  tny^imtrs  have  fig¬ 
ured  prominently  in  both  these  de¬ 
velopments.  For  information  on  the  G-E  square-wave  generator 
see  Bulletin  GEA-3442;  on  the  VU  volume-level  indicator, 
GEA-3145-  Call  or  write  our  local 
representative.  General  Electric  Co., 

Schenectady ,  Sew  York. 

General  Electric  VU 
Volume-level  Indicator 


GENERAL  m  ELECTRIC 


Ci-E  square-wave  generator.  All 
G-E  FM  broadcast  transmitters 
receive  through  square-wave  tests 


VU  Meter  Helps  to  Maintain  Fidelity 
Then  there  is  another  development  that  has 
proved  to  be  of  great  service  to  radio  stations 
in  helping  to  maintain  high  fidelity  of  broad¬ 
casts  the  \’U  volume-level  indicator.  It  has 
brought  about  a  standardization  of  zero  level  in 
db  measurements,  and  has  made  possible  a 
better  correlation  of  volume-level  readings 
throughout  the  communications  industry  — 
putting  "gain  cranking"  on  a  more  definite  basis. 
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FLEXIBLE  SHAFTS  for  POWER  DRIVES,  REMOTE  CONTROL  and  COUPLING 


Barium  Used  As  Lubricant 
ill  Rotating  Targets  of 
X-Ray  Tubes 

In  modern  x-ray  tubes,  the  problem 
of  excessive  generation  of  heat  at  the 
target  surface  has  been  attacked  by 
using  a  rotating  anode.  As  the  target 
rotates  it  continuously  presents  a  new 
surface  to  the  bombarding  electron 
beam  and  in  this  way  the  heating  ef¬ 
fect  is  spread  out  over  a  much  larger 
area  than  would  be  possible  with  a 
fixed  anode.  One  of  the  problems  in 
such  rotating  anode  tubes  is  that  of 
lubricating  the  rotating  mechanism. 
Ordinarily  the  anode  is  mounted  on  the 
shaft  of  an  induction  motor.  The  rotor 
part  of  the  motor  is  suspended  within 
the  highly  evacuated  tube  envelope, 
whereas  the  stator  part  of  the  system, 
including  the  field  winding,  is  placed 
external  to  the  tube  envelope.  Rota¬ 
tional  speeds  of  the  order  of  3,000  rpm 
are  attained,  but  the  accompanying 
noise  and  friction  is  excessive  because 


SAVE  TIME  AND  COST  BT  USINC 

S.  S.  WHITE 

FLEXIBLE  SHAFT 
COMBINATIONS 


If  you  are  planning  a  flexible  shaft  application, 
either  for  REMOTE  CONTROL  or  POWER 
TRANSMISSION,  it  is  more  than  likely  that 
you  can  save  time  and  money  too,  by  using 
S.  S.  WHITE  Flexible  Shafts.  Here's  the  reason 
why  .  .  . 

The  widespread  use  of  S.  S.  WHITE  Shafts 
in  the  aircraft,  automotive,  radio,  electronic,  ma¬ 
chine  tool  and  other  fields  has  made  available 
a  large  variety  of  fully  developed  combinations 
of  flexible  shaft,  flexible  casing  and  fittings.  The 
chances  are  good  that  among  these  many  com¬ 
binations  is  one  that  will  fit  your  particular  re¬ 
quirements  without  modification. 

The  quickest  way  to  find  out  is  to  send  us  full 
details  of  your  proposed  application  and  our 
engineers  will  do  the  rest.  Their  cooperation 
and  recommendations  are  yours  without  obli¬ 
gation.  We  assure  you  that  all  information  you 
send  us  will  be  held  in  strictest  confidence. 


Messrs  Atlee.  Wilson  and  Filmer 
testing  the  barium  lubricated  motor 


the  ball  bearings  used  cannot  be  lubri¬ 
cated  with  any  material  which  would 
vaporize.  If  ordinary  lubricants  are 
used,  it  becomes  impossible  to  main¬ 
tain  the  extremely  high  vacuum  neces¬ 
sary  in  X-ray  tubes.  Recently  engi¬ 
neers  of  the  General  Electric  X-Ray 
Corporation,  Mr.  Z.  J.  Atlee,  J.  T.  Wil¬ 
son  and  J.  C.  Filmer,  described  the  use 
of  a  thin  film  of  metallic  barium  on  the 
steel  of  the  ball  bearings.  The  barium 
acts  as  an  efficient  lubricant,  and  at 
the  same  time  does  not  re  luce  the 
vacuum  due  to  vaporization.  A  reduc¬ 
tion  of  noise  of  almost  20  db  is  pro¬ 
duced,  the  speed  is  increased  from  3100 
rpm  to  3560  rpm,  and  the  coasting  time 
from  12  seconds  to  8  minutes.  The 
latter  figures  indicate  a  great  decrease 
in  friction,  and  a  corresponding  in¬ 
crease  in  the  life  of  the  bearing.  The 
life  of  the  bearing  under  conditions  of 
the  new  lubrication  runs  from  50  to 
100  hours,  corresponding  to  from  36,- 
000  to  72,000  exposures  of  5  seconds 
each,  usual  in  diagnostic  work.  It  is 
expected  that  other  metal  films  such  as 
those  in  chromium,  aluminum,  mag¬ 
nesium  and  zinc  may  have  practical 
application  in  rotating  devices,  not 
only  in  vacuum  but  also  in  air  where 
organic  lubricants  may  not  be  de¬ 
sirable. 


HERE'S  VALUABLE  INFORMATION  FOR  YOU 


Even  if  you  have  no  immediate  power  drive  or 
remote  control  problem,  it's  a  good  idea  to  have 
the  latest  information  about  flexible  shafts  handy. 
So  write  today  for  the  following  Bulletins: 

BULLETIN  1238 — iTtxIble  Shafts  for  POWER  DRIVES 
BULLETIN  38 — FlaxibI*  Shafts  for  REMOTE  CONTROL 
BULLETIN  839  — FItxible  Shaft  Combinations  for  AIRCRAFT 


The  S.  S.  White  Dental  Mtg.  Co. 

INDUSTRIAL  DIVISION 

Department  E,  10  East  40th  St.,  New  York,  N.  Y. 
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Push-buttoned-tuned  auto  radio  is  set  for 
Station  KDKA,  980  KC.  Before  turning 
it  on,  Ambient  Temperature  is  40°  F. 


As  the  set  warms  up,  changes  in  reactance 
of  coils,  tuning  condensers,  sockets,  etc. 
cause  the  oscillator  frequency  to  drop  2 
KC.  The  result  is  a  distorted  signal  and 
a  dissatisfied  owner. 


Replace  a  part  of  the  capacitive  reactance 
in  the  oscillator  with  an  Erie  Ceramicon 
of  such  a  value  and  temperature  coeffi¬ 
cient  as  to  compensate  for  the  undesired 
reactance  drift.  The  oscillator  frequency 
will  now  remain  essentially  constant  at 
its  correct  value  over  the  entire  operating 
temperature  range. 


TO  ELIMINATE  UNDESIRABLE^EREQVENCT  DRIFT 


Many  leading  radio  manufacturers  have  found 
Erie  Ceramicons  to  be  the  answer  to  stabi¬ 
lizing  the  operation  of  their  automatic  tuning  re¬ 
ceivers.  Erie  Ceramicons  are  available  in  insulated 
and  non-insulated  styles  with  compensating  tem¬ 
perature  coefficient  of  capacity  between  ^.00012 
and  ~. 00068  per  °C.  The  temperature  character¬ 
istic  of  Erie  Ceramicons  does  not  depend  on  any 
mechanical  movement  of  parts,  but  rather  upon 
the  molecular  structure  of  the  ceramic  dielectric. 
Thus,  with  these  units,  compensation  is  retraceable 
and  will  track  faithfully  for  the  life  of  the  set. 


MOLDED  BEZELS 

PUSH  BUTTONS 
AND  KNOBS 

POLYSTYRENE 
COIL  FORMS 


RESISTORS 

SUPPRESSORS 

CERAMICONS 

SILVER-MICA 

CONDENSERS 
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A  Phototube  Relay 
For  Infrared  Radiation 


By  Carl  C.  Smith 

It  is  the  purpose  of  this  article  to 
describe  an  amplifier  developed  some 
time  apo  by  the  writer,  and  recently 
adapted  to  a  special  application  hav- 
injr  the  functions  of  a  burprlar-alarm, 
but  with  a  greatly  extended  range. 

It  will  be  observed  from  the  ac¬ 
companying  schematic  diagram  that 
the  complete  assembly  incorporates  a 
direct-current  phototube  amplifier  unit 
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High-Frvquency  radio  coils  manufactured  by  the  F.  W.  Sickles  Co. 
Springfield,  Mass.  Teztolite  fabricated  tubing  is  used. 
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AND  TEXTOLITE  MORE  THAN  MEET  THE 
SPECIAL  INSULATION  REOUIREMENTS 


Circuit  diagram  of  a  phototube  re¬ 
lay  particularly  adapted  to  burglar 
alarm  applications 


Fo  r  any  electrical  radio  or  electronic  part  that  requires  complete 
insulation  you  will  find  Textolite  laminated  an  excellent  material. 
Its  many  grades  permit  a  wide  selection — you  can  easily  choose  the 
right  grade  to  do  the  best  job  for  you. 

And  as  for  forms,  Textolite  is  available  in  sheets,  rods,  tubes,  and  in 
fabricated  parts  no  matter  how  simple  or  how  intricate. 

General  Electric’s  newly  published  price  list  on  Textolite  is  now 
available  on  request.  We  suggest  that  you  write  for  your  copy 
now.  Address  Section  G-10,  PTastics  Department,  General  Electric 
Company,  One  Plastics  Avenue,  Pittsfield,  Massachusetts. 


to  which  is  coupled  a  thyratron  lock-in 
circuit.  The  purpose  of  the  latter  is 
to  provide  an  extremely  rapid  lock¬ 
ing  in  of  the  alarm  indicator  upon 
interruption  of  the  infrared  beam  so 
that  the  subsequent  removal  of  the 
interrupting  medium  from  the  path 
of  the  beam  will  not  restore  the  alarm 
mechanism  to  normal.  The  alarm  can 
be  reset  only  by  manually  operating 
a  release  switch  situated  in  the  anode 
circuit  of  the  thyratron. 

To  avoid  disturbance  of  the  am¬ 
plifier  voltage,  a  separate  rectifier  sys¬ 
tem  is  provided  for  the  lock-in  relay 
circuit.  This  feature  considerably  im¬ 
proves  the  stability  of  the  equipment 
and  materially  reduces  its  sensitivity 
to  line  voltage  changes. 

The  control  grid  bias  of  the  thyra¬ 
tron,  which  is  adjustable  by  means  of 
potentiometer  i?*,  is  normally  set  to 
a  value  just  sufficient  to  prevent  fir¬ 
ing  of  the  tube.  An  interruption  of 
the  beam  results  in  an  increase  in 


General  Electric  has  recently  reorganized  its  fabricating 
facilities  to  assure  you  of  quick  and  uninterrupted  service 
on  fabricated  parts.  To  take  advantage  of  this  improved 
service  send  inquiries  and  requests  for  prices  direct  to: 

IN  THE  EAST  — 

Plastics  Department,  General  Electric  Co.,  44  Cambridge  St.,  Meriden,  Conn. 

IN  THE  WEST  — 

General  Laminated  Products,  Inc.,  3123-13  Carroll  Ave.,  Chicago,  Illinois. 


GENERAL 
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Radio  Enlists  for  National  Defense 


moniftit  it  isniakirnj  daily  contri¬ 
butions  throutih  its  tireat  labora¬ 
tories,  ceaselessly  active  in  re¬ 
search —  through  its  manufactur¬ 
ing  company,  in  the  production 
of  radio  apparatus — throujjh 
communications,  riashinjr  mes- 
satje  traffic  around  the  earth — 
throutrh  radiomarine,  in  all-round 
communication  service  at  sea — 
and  throutrh  the  National  Broad- 
castinsr  e<»mpany,  in  nation¬ 
wide,  world-wide  broadcasting. 
"Fo  fill  the  need  for  men  with 
technical  skill,  RCA  Institutes 
is  traininii  radio  operators. 

Accepting  the  Challenge 
Usiriir  ail  the  resources  at  its  com¬ 
mand,  the  Radio  Corporation 
of  .America  is  meetinir  every 
demand  for  service — with  ex¬ 
panded  facilities,  increased 
production,  with  smooth  func- 
tionint;  speed. 

In  assumintr  its  vital  share  in 
national  defense,  RC'A  realizes 
its  opportunity  to  help  preserve 
the  unity  and  intejjrity  of  our 
national  life.  Kach  of  its  thou¬ 
sands  of  employees  pledtjes  his 
energies  and  enthusiasm  to  pro¬ 
ducing  all  needed  equipment  on 
schedule,  to  making  America’s 
radio  communication  system 
the  most  efficient  on  earth. 


rHK  RADIO  INDUSTRY  has 
answ  ered  the  call  to  national 
defense  w  ith  an  all  out”  accel¬ 
eration  of  creative  activities.  In 
research,  in  operation,  in  pro¬ 
duction—  from  blueprint  to  w  ave- 
length  the  watchword  is  Sen  ice 
for  the  Needs  of  Lhicle  Sam  ! 

lor  radio  today  has  attained 
front-line  rank  in  the  national  de¬ 
fense  program.  Its  magic  voice 
keeps  our  citizens  informed, 
unites  our  nation  as  a  vast  com¬ 
munity  for  free  discussion.  It 
links  together  the  21  republics 
of  our  hemisphere  in  bonds  of 
friendship  and  mutual  interest. 
It  enables  us  to  communicate 
around  the  world,  to  reach  out 
to  ships  at  sea,  and  to  guide  our 
aviators  through  fog  and  night. 

Whole-hearted  Response 
As  a  leader  in  radio  research,  as 
the  only  company  that  makes 
and  does  everything  in  radio,  the 
Radio  C'orporation  of  America 
is  proud  of  its  call  to  duty.  It 
eagerly  enlists  its  facilities  and 
personnel  in  the  service  of  the 
American  peivple. 

I  he  emergency  finds  RC'A 
fully  prepared.  Months  ago  the 
‘must”  orders  went  to  every 
subsidiary  of  the  C(»mpany,  w  ith 
the  result  that  at  the  present 


1)  RADIO  GOKPOK.VnON  OF  .AMKKIGA 

y  RADIO  CITY  •  NEW  YORK 


RCA  Manut40turin^  Co..  Inc. 
National  KroaiicaMini;  Company 


Ratliomannr  Cortxiration  of  America 
R.C.A.  Communications.  Inc. 


RCA  l^aboratohet 
RCA  Institutct.  Inc. 
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THE  RELAYi 


THAT  SURPRISED  EVEN  ITS  DESIGNERS 

OFFERS  4  DEFINITE 
BENEFITS  TO  USERS 

1.  Reduced  user’s  assembly  cost  (relays  are 
pre*adjusted)  2.  More  reliable  operation  (con¬ 
tacts  have  heavy  pressures— are  self-cleaning) 

3.  More  positive  action  (armature  restored  by 
leaf  spring)  4.  No  overheating  (coil  is  self  pro¬ 
tecting). 

You  can  enjoy  these  benefits.  Write  Dept.  B 
for  information. 


AN  OFFER  ... 

Tell  us  ( 1 )  Your  product  or  oper¬ 
ation  (2)  Function  and  perform¬ 
ance  details  (31  Whether  chief 
objective  is  improved  per¬ 
formance  or  reduced  cost. 
WeTI  send  o  helpful  recom¬ 
mendation,  free.  Write  Dept.  6 


AUTOMATIC  Q  ELECTRIC 


Relay  Makers  Since  1898 
1033  West  Von  Buren  Street,  Chicago 


PfNCOR 

FTRSAGAIN  ! 


Agoin  Pincor  takes  the  ieod.  This 
time  with  the  new  DUAL-VOIT- 
AGE  DynamOtors,  with  double  in¬ 
put  and  double  output  to  permit 
operation  on  any  one  of  two  spec¬ 
ified  voltages  —  6  and  12  vahs, 
^'12  and  24  volts,  16  and  32  volts, 
'  etc.  Transfer  from  one  voltage  to 


r 

the  othgr  accomplished  by  merely 

Bis ' 

changing  leads.  No  other  dyna- 

motor  affords  such  flexibility.  Built 

EER  GER-E-MOTOR  CORE 


>  Oepl.  B-4, 4M  W.  SUPERICMI  ST,  Chicago,  W. 
Export  Addrex.  26  WARREN  ST,  K  Y,  N.  Y. 


Coble;  SiMONTRICE,  New  York 


to  give  thousonds  of  hours  of 
trouble  free  service  in  aircraft, 
mobile  and  marine  use.- brformo- 


hon  on  request. 


DUAL  VOLTAGE 


DYNAMOTORS 


the  plate  current  of  the  25A6G  tube; 
this  increase  of  current  through  coup¬ 
ling  resistor  f?,  results  in  a  decrease 
in  the  negative  bias  of  the  thyratron, 
permitting  this  latter  tube  to  fire  and 
operate  its  associated  relay.  Since 
direct-current  excitation  of  the  2051 
is  provided,  its  plate  current,  once  es¬ 
tablished,  is  no  longer  subject  to  grid 
control  and  remains  flowing  until  the 
circuit  is  externally  interrupted.  As 
it  is  desirable  to  obtain  indication  in 
case  of  amplifier  tube  failure  a  super¬ 
visory  relay  is  included  in  the  25A6G 
plate  circuit.  This  relay  is  adjusted, 
by  means  of  potentiometers  and 
/?5,  to  remain  closed  with  normal  beam 
intensity  on  the  phototube;  an  inter¬ 
ruption  of  25A6G  plate  current  due 
to  tube  failure  or  increased  light  on 
the  phototube,  results  in  this  relay 
opening  and  operating  the  alarm. 

As  built  for  practical  purposes,  the 
phototube  is  provided  with  a  5  or  6 
inch  lens  system  which  focusses  the 
received  beam,  through  an  aperture 
to  reduce  the  angle  of  observation  of 
the  lens,  on  to  the  phototube.  The 
source  of  infrared  radiation  may  con¬ 
sist  of  a  standard  8  inch  automobile 
spot-light  w'ith  5C  candlepower  lamp 
and  parabolic  reflector.  The  visible 
radiation  is  practically  eliminated  by 
providing  a  filter  such  as  the  Wratten 
No.  87,  or  Corning  No.  254. 

With  the  equipment  as  de.5cribed,  it 
's  quite  practicable  to  obtain  definite 
operation  using  a  beam  length  of 
1200  to  1800  feet.  Since  most  of  the 
visible  light  is  filtered  out  by  the  filters 
mentioned  above,  the  system  consti¬ 
tutes  an  invisible  ray  burglar  alarm 
operating  over  considerably  greater 
distances  than  provided  by  the  ordi¬ 
nary  equipment  of  this  type. 


AMMAL  X-RAY 
PHOTOGRAPH 


An  Annoiimenieut  to  Manufacturers 
Reganling  the  January  IR.E.  Conrention 


The  first  annual  Winter  Convention  and  Exhibit  of  the 
Institute  of  Radio  Engineers  will  be  held  at  the  Hotel  Penn¬ 
sylvania  in  New  York  on  January  9,  10,  and  11,  1941.  This 
supersedes  the  meeting  usually  held  in  June. 

As  the  majority  of  ELECTRONICS  advertisers  make 
plans  for  extra  space  or  special  copy  in  I.R.E.  issues  of 
ELECTRONICS,  we  want  to  explain  a  problem  that  con¬ 
fronts  both  of  us — i.e.,  closing  dates. 

In  order  to  distribute  January  ELECTRONICS  with  your 
advertisement  at  the  Convention  we  must  close  all  forms  by 
December  27th,  right  in  the  middle  of  the  holiday  week. 
In  order  to  avoid  the  confusion  that  always  accomp<  .nies  the 
end  of  the  year,  we  suggest  that  advertisements  for  the 
January  issue  be  prepared  well  in  advance  so  that  proofs 
may  be  okayed  before  the  holidays  interfere  with  both  your 
production  schedule  and  ours. 

We  are  sure  that  you  will  not  want  to  miss  having  your 
advertisement  seen  and  discussed  at  this  important  meet¬ 
ing  of  the  I.R.E.  The  most  effective  and  economical  way 
to  do  this  is  to  schedule  impressive  space  in  January 
ELECTRONICS. 

electronics,  330  west  42nd  st.,  new  york 
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Phototube 


(Cotitinued  from  page  2d) 


in  Fig.  5C,  is  suitable  in  certain 
audio-frequency  equipment. 


Many 

shapes, 

SIZES 

and  types 
OF  cekamic 
^fsistoss 


Shot  Some  Effects 

When  \veak  signals  are  consid¬ 
ered,  the  shot  noise  caused  by  the 
random  nature  of  the  electron  emis¬ 
sion  and  the  resistance  noise  gen¬ 
erated  by  thermal  agitation  in  the 
coupling  resistance  constitute  fun¬ 
damental  limitations  to  the  useful¬ 
ness  of  photosensitive  tubes.  For 
convenient  comparison  between  a 
high  vacuum  phototube,  a  gas  filled 
phototube,  and  an  electron  multi¬ 
plier  coupled  to  the  same  output  re¬ 
sistance,  a  chart  (Fig.  9)  showing 
the  signal-to-noi.se  ratio  as  a  func¬ 
tion  of  the  pure  photoemi.ssion  has 
been  computed  on  the  basis  of  the 
following  relations : 

High-vacuum  phototube 

,  /  m*  r-  r 


GLOBAR  DIVISION 

THE  CARBORUNDUM  COMPANY 

■  ■■  "  RfeO.  O.  S.  e*T.  OFF. 

NIAGARA  FALLS,  N.  Y. 


Ga.s-filled  phototuln,* 


"  2e  F  1  r  A  {A  +  1)  ^  ik  T  F 
Multiplier  operated  on  dc 


RUGGED •COMPACT 
LOW  POWER  CONSUMPTION 
ALSIMAG  INSULATION 
COIN  SILVER  CONTACTS 
SELF-CLEANING  WIPE 


=  2eF  R 

It  was  found  that  the  shot  noi.se  in 
the  multiplier  was  greater  when  it 
was  operated  on  ac  than  when  op¬ 
erated  on  dc.  This  is  due  tc  the  fact 
that  all  available  photoelectrons  are 
not  efficiently  contributing  to  the 
output.  Calculations  show  that  noise 
in  that  case  is  given  by 

Multiplier  operated  on  ac 


•  This  Instant  action  relay  was  designed 
to  meet  the  need  for  a  quality  medium 
duty  unit  at  low  cost.  The  majority  of 
specifications  calling  for  R.F.  insulation 
and  medium  contact  load,  are  met  with 
this  carefully  built  unit.  Under  test,  no 
variations  in  adjustments  were  disclosed 
even  after  seven  million  operations. 
Specification  sheet  sent  on  request. 

KURMAN  ELECTRIC  CO. 

INCORPORATED 

241  LAFAYETTE  ST.  NEW  YORK,  N.  Y. 


2  e  F  Gi* 

In  all  these  relations,  s„*  is  the  ratio 
of  the  averages,  over  a  long  time,  of 
the  signal  and  noise  powers,  I  the 
intrinsic  photoemission  (=  incident 
light  times  intrinsic  sensitivity  of 
the  photocathode),  F  the  frequency 
band,  k  Boltzmann’s  constant,  T  the 
temperature  of  the  resistance  and 
r  its  value,  /  the  a-c  form  factor, 
and  m  the  modulation  factors  of  the 
signal,  A  the  gas  amplification,  R 
the  average  gain  per  stage  of  the 
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Tubes  Department  Index 


The  Tiihes  departiiient  this  month  is  devoted  primarily  to  an  index  of  all  the  tubes 
described  in  it  since  its  inception  in  November  1939.  This  index  is  to  appear  semi- 
aniiiiallv  in  June  and  December.  Tubes  rejijislered  with  the  R.  M.  A.  Data  Bureau  during 
October  are  also  included 


Filament  Types  tor  use  with  Dry  Bat-  Unipotential  Cathode  Types 

teries  or  Equivalent  Power  Supply 

Salient  Salient 

Tyj>e  Struetiire  or  Function  Characteristic  Issue  I’aRe  Type  Structure  or  Function  Characteristic  Issue  Page 
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n  —  (».3 

Jan 

40 

66 

lI.N.u  ((II.) 

1(-1'  Pentisle  . 

.  Urn  ^  HOO 

Jan 

40 

64 

in.m: 

H-K  Pentisle  . 

.  V-  ^7.*.0 

.Mav 

40 

63 

in-.-.(;t 

H-K  Pentisle  . 

•Im  750 

Keb 

40 

52 

INtiG 

Diisle  P.\  Pentisle . 

/'.  =  ^  0  1 

Keb 

4U 

50 

INOdT 

Ditnie.  PA  Pentode . 

.  P.  =  0  1 

Dec 

39 

57 

IP.MI 

H-K  Pentisle.  rco  . 

./,  =  .SIN) 

Keb 

40 

53 

IP.MIT 

H-K  Pentisle.  rco  . 

,1m  SIM) 

Dec 

3'.* 

oo 

Ui:.(i 

Hcani  Power  .\ni|>lifier . 

.  /*,  0  27 

.Mar 

40 

66 

Ki.VIT 

Hcain  Power  .Amplifier . 

P.  0  27 

Keb 

40 

53 

lll.u  (dll) 

PentaiKrid  Converter . 

Ur  2.*)0 

Jan 

40 

58 

1S4  (GH) 

Power  .Amplifier  Peiitmle . 

/**  ^  0  OfW> 

Jan 

40 

58 

IS.*)  (dH) 

Diisle.  Pent'sle  . 

Wm  =  5:*5 

Jan 

40 

58 

1T4  (dH) 

H-K  Pentisle.  rco  . 

.  9m  =  7*30 

Jan 

40 

58 

IT.udT 

Hearn  Power  .Ani|>lifier . 

P.  ^0  17 

Jan 

40 

fi2 

3A8(IT 

Diisle  Triisle  Pentisle 

Um  =  7.'>() 

Ort 

40 

3C.*)dT 

Power  .Amplifier  Pentode . 

P.  0  2f. 

Dec 

39 

53 

3I.K4  (GL) 

P.\  Pentisle . . 

/'.  0  3 

Sept 

40 

66 

3g.*)d 

Hearn  Power  .Amplifier . 

.  P.  0  27 

June  40 

72 

3(j.*>(IT 

Heain  Power  .Amplifier . 

.  P.  =0  27 

Dec 

39 

56 

4. Add 

Twin  Tri  jde  P.A . . 

.  P.  =  10 

.May 

40 

65 

Filament  Types  for  Use  with  Power 

Supplies  Other  Than 

Dry  Batteries 

2.A4G 

Thvratrnn  . 

Mav 

40 

65 

2V.3G 

Half  Wave  Rectifier . 

.  .  .  1 4.  =  2 

Mar 

40 

69 

2W3 

Half-Wave  Rectifier . 

. . .  /d.  =  55 

.Apr 

40 

92 

2W3dT 

Half-Wave  Rectifier . 

. . .  Id*  =  65 

Dec 

39 

54 

2.\2  '879 

Half-Wave  Rectifier . 

. .  .  4.500 

.Njv 

39 

70 

2X.3G 

Half-Wave  Rectifier . 

. ..  Ji.  =  125 

.Aug 

40 

69 

2Y2 

Half-Wave  Rectifier . 

. . .  li.  =  5 

.Apr 

40 

94 

5T4 

Full-Wave  Rectifier . 

. .  .  /<,  =  225 

•Aug 

.40 

69 

5U4G 

Full-Wave  Rectifier . 

. . .  l4t  =  225 

Sept 

40 

68 

6V4G 

Kull-W  ave  Rectifier . 

...  /*,  =  175 

.Nov 

40 

72 

5W4G 

Full-Wave  Rectifier . 

...  /d,  =  1(K) 

.Aug 

40 

68 

5W4GT 

Full-Wave  Rectifier  . 

...  I4.  =  90 

Nov 

39 

73 

5X3 

Full-Wave  Rectifier . 

...  /j.  =  110 

.Apr 

40 

96 

5X4G 

Full-Wave  Rectifier . 

...  I4t  =  225 

Sept 

40 

71 

5Y3 

Full-Wave  Rectifier . 

. .  .  /d.  =  125 

Nov 

40 

64 

6Y4G 

Full-Wave  Rectifier . 

...  I4.  =  125 

Sept 

40 

71 

5Z4 

Full-Wave  Rectifier . 

...  /<.  =  125 

Nov 

40 

66 

5Z4G 

F'ull-Wave  Rectifier . 

...  I4.  =  125 

Nov 

40 

66 

5Z4GT 

Full-Wave  Rectifier . 

...  I4.  —  125 

Nov 

40 

64 

2E5 

Tuning  Indicator . 

Nov 

40 

64 

6. A3 

P.A  Triisle  . 

e. 

=  4  2 

Nov 

40 

72 

6.A.5G 

P.A  Triisle  . 

P. 

=  3  75 

.Aug 

40 

67 

6.A6 

Class  H  Twin  Triisle  .Amplifier  , 

=  35 

Nov 

40 

68 

6. A  8 

Pentagrid  ( ’onverti  r  . 

tie 

=  .5.50 

Nov 

40 

66 

6A8d 

Pentagrid  Converter . 

Oe 

=  550 

Nov 

40 

66 

6.A8dT 

Pentagrid  Converter . 

=  xViO 

June  40 

74 

6.AH5 

Tuning  Indicator  . 

Julv 

40 

58 

6AH6d 

’oupled  Powpr  .\mpli6pr. 

p. 

=  35 

.Aug 

40 

70 

0.AH7  (.M) 

K-K  Pent  ule.  rco  . 

.*)(KK) 

Feb 

40 

55 

6AC.5d 

I’.A  Triisle  . 

p. 

=  3  7 

Julv 

40 

58 

6AC.5dT 

High-mu  P.A  Triisle . 

M 

=  125 

June  40 

74 

6  A('6d 

Direct -Coil  pled  Power  .Amplifier. 

p. 

-^3  8 

.Aug 

40 

67 

6.A(  ’6dT 

Triple-Twin  P.A . 

p. 

=  3  6 

June 

40 

72 

6.AC7  (.M) 

H-K  iVnt  nIc,  wo  . . 

am 

^  90'K) 

Feb 

40 

55 

6AD.5d 

High-mu  Triisle  . 

M 

=  100 

.Apr 

40 

96 

6. A  1)6(1 

Tuning  Indicator . 

.Mav 

40 

63 

6  AD7d 

Trnsle.  P.A  Pentisle  . 

p. 

=  3  2 

June  40 

72 

6AK.5d 

Triisle  .Amplifier . . 

M 

=  42 

.Apr 

40 

94 

6AF.5dT 

Triisle . 

=  4  2 

Nov 

39 

73 

0AE6G 

Single-drill,  Twin  Plate  ('ontrol 

Tul)e  . 

.Mav 

40 

64 

6AK7dT 

Double  l.)r»ver  lru>«le  (common 

plate) . 

^  14 

Julv 

40 

57 

6AK.*)G 

Triisle .  ... 

M 

=  7  4 

Pel) 

40 

52 

6.\  K(i(i 

Tuning  Indicator . 

Mav 

40 

64 

6Afi7G 

Tuning  Indicator .  .  . 

Feb 

40 

51 

6.Adt)G 

P.\  Peiitotie . 

P. 

=  3  75 

.Apr 

40 

96 

6Ad7  (M) 

Hearn  .Amplifier . 

Urn 

=  77(X) 

Keb 

40 

51 

6AI.6d 

Beam  Power  Amplifier . 

p. 

— -  6 . 5 

Nov 

39 

71 

6H4d 

Triisle  Power  .Amplifier . 

p. 

-  3  2 

Sept 

40 

67 

0H5 

Direct-Coupleil  P.A . 

p. 

=  4 

Nov 

40 

64 

6H6d 

Duplex-Diisle  High-mu  Triisle 

M 

10»/ 

Oct 

40 

68 

6H8 

Duisliisle  Pentisle  . 

am 

-  1?,25 

Sept 

40 

69 

6H8(I 

Duisliisle  Pentisle . 

Um 

1125 

Sept 

40 

68 

6H8dT 

Duisliisle,  Pentisle,  rco . 

1325 

Julv 

40 

57 

6C.5(IT 

Tritule .  ... 

=  20 

Dec 

39 

53 

6C8(I 

Double  Triisle . 

=  .36 

-Aug 

40 

69 

6D8d 

Pentagrid  Converter  . 

a* 

=  5.>0 

Sept 

40 

69 

6K5 

Klectron  lt:iv  Tube . 

Oct 

40 

66 

6K8d  fs 

Triisie-Hexisle . 

a^ 

=  630 

Dec 

39 

53 

6  K5 

High-mu  Triisle  . 

M 

100 

Nov 

40 

70 

6K.5dT 

High-mu  Triisie  . 

M 

=  UK) 

June  40 

76 

6  fit)  (GT) 

P.A  .Amplifier . 

p. 

=  3  2 

.Mar 

40 

62 

6K8d 

Twin  Tritxie  Amplifier . 

=  20 

July 

40 

60 

fidtid 

P.A  Pentisle . 

p. 

=  1.1 

July 

40 

58 

6H4GT 

Single  Diisle . 

Jan 

40 

66 

6H5 

Tuning  Indicator . 

-Aug 

40 

70 

6H6 

Twin  Diisle . 

Nov 

40 

70 

6H6G 

Twin  Diisle . 

Nov 

40 

70 

6H0dT 

Double  Diisle . 

June  40 

78 

6H8G  fs 

Double  Diisle  Pentisle . 

am 

=  2400 

Dec 

39 

57 

6J5 

Detector  .Amplifier  Triisle . 

M 

=  20 

July 

40 

57 

6J5GT 

Detector  Triisle  .Amplifier . 

M 

=  20 

June  40 

78 

6J7 

Triple-grid  Detector  .Amplifier..  . 

am 

=  1225 

Nov 

40 

70 

6J7G 

Triple-grid  Detector  .Amplifier..  . 

Um 

=  1225 

Nov 

40 

70 

6J7GT 

Triple-grid  Detector  .Amplifier. .  . 

am 

=  1225 

June  40 

80 

6J8d 

Triisle-Heptisle  Converter . 

Ot 

=  290 

July 

40 

58 

6K5dT 

High-mu  Triisle . 

=  70 

June  40 

80 

6K6G 

P.A  .Amplifier  Pentisle . 

p. 

=  3.4 

Sept 

40 

67 

6K6GT 

P.A  Pentisle . 

p. 

=  3.4 

June  40 

80 

6K6  (.MG) 

Power  .Amplifier  Pentisle . 

p. 

=  3.4 

Oct 

40 

68 

6K7GT 

Triple-drill  Super-Control  .Am- 

plifier  rco . 

am 

=  1450 

June  40 

80 

OKS 

Triisle-Hexisle  Converter . 

at 

=  .3.50 

July 

40 

60 

6K8d 

Triisle-Hexisle  Converter  n-o.  .  . 

=  350 

.May 

40 

64 

6K8GT 

Triiste-llexisle.  rco . 

=  350 

Feb 

40 

55 

6L5G 

Detector  .Amplifier  Triisle . 

M 

=  17 

Sept 

40 

68 

6L7 

Pentagrid  Mixer  Converter . 

a* 

=  375 

Oct 

40 

66 

6.M6G 

P.A  Pentode . 

p. 

=  4.4 

Apr 

40 

96 

6.M7G  fs 

R-S  Pentoile .  ... 

Jm 

=  3400 

Mar 

40 

62 

6.M8GT  fs 

Diode,  Triode,  Pentisle . 

=  1900 

Nov 

39 

72 

6N5 

Tuning  Indicator . 

Sept 

40 

67 

Explanation  oi  suiiixes 

G  Glaas  onvelo|»e  uiid  octal  base 
(GH)  Integral  T-5Vj|  glass  envelojK*  ami  base 
(GL)  Integral  T  U  glass  envelope  ami  loktal  base 
(GMl  Metal  coated  glass  envelope  with  octal  base 
GT  Short  T-9  glass  envelope  and  octal  base 
LM  MT-S  metal  envelope  and  octalox  base 
LT  T-U  glass  envelope  and  octalox  base 
M  Metal  envelope  and  octal  base 


ELECTRONICS  —  December  1940 


61 


SENSITIVE  ELECTRONIC 
AC  VOLTMETER 

MODil  300 


•  New  operating  principle. 

•  1 0  - 1 00,000  cycles. 

•  I  millivolt  to  100  volts  in  five 
ranges  (to  1,000  and  10,000 
volts  with  multiplier). 

•  Logarithmic  voltage  scale 
and  uniform  decibel  scale. 

•  A-C  operation,  115  or  230 
volts,  50-60  cycles  (rack 
mounting  and  battery-oper¬ 
ated  models  also  available). 

•  Permanent  calibration,  unaf¬ 
fected  by  variation  in  line 
voltage,  tubes,  etc.  Accuracy 
2%. 

•  Can  also  be  used  as  an  ampli¬ 
fier  (70  DB  gain)  flat  to  100,- 
000  cycles. 


MODEL  402 

MULTIPLIER 


Newest  addition  to  a  line  of  accessories 
designed  to  increase  the  utility  of  the 
Model  300  Voltmeter.  This  multiplier 
has  two  important  uses:  (1)  to  p'^ovide 
additional  ranges  of  1,000  and  10,000 
volts  full  scale,  and  (2)  to  increase  the 
input  impedance  so  that,  when  full  sens¬ 
itivity  is  not  required,  measurements 
may  be  made  on  very  high  impedance 
circuits.  The  input  impedance  on  the 
1.000-volt  range  is  4.4  megohms  and  on 
the  10,000-volt  range  44  megohms. 

Send  for  Bulletin  2E. 

Ballanline  LaLoralories,  Inc. 

BOONTON  NEW  JERSEY 


multiplier,  G  the  total  current  pain,  | 
n  the  number  of  stages,  dt  an  ele¬ 
ment  of  time,  P  the  period  of  an  a-c 
cycle,  and 


Values  indicated  in  the  graphs  of 
Fig.  9  have  been  confirmed  by 
measurements,  within  reasonable 
limits.  The  values  chosen  for  the 
various  parameters,  as  indicated  on 
the  chart  itself,  are  typical  for 
sound  reproduction  from  a  modu¬ 
lated  light  beam.  For  other  values 
the  general  conclusions  in  the  fol¬ 
lowing  paragraph  remain  valid. 

The  signal-to-noise  ratio  for  low  j 
light  levels  is  more  favorable  for  a 
multiplier  than  for  a  phototube,  be-  ■ 
cause  the  high  level  of  the  output  | 
renders  the  resistance  noise  neg-  i 
ligible  with  respect  to  the  shot  noise.  I 
Similarly,  due  to  its  higher  output  i 
level,  the  gas-filled  tube  gives  less  | 
noise  than  a  vacuum  tube  for  weak  | 
lights.  This  characteristic  is  of  par-  i 
ticular  importance  for  sound  repro-  i 
duction  from  films  when,  for  prac-  I 
tical  reasons,  only  small  light  ' 
intensities  are  available. 

Applications 

This  photoelectric  electron  multi¬ 
plier  is  practical  for  use  in  many 
applications  because  it  is  small, 
simple,  and  rugged,  and  because  it 
is  free  from  distortion,  has  enor¬ 
mous  sensitivity,  is  conveniently 
controllable  to  compensate  for  unde¬ 
sired  light  and  voltage  fluctuations, 
and  is  amenable  to  a-c  operation. 

In  scientific  research,  such  as  pho¬ 
tometry,  spectroscopy,  astronomy, 
biology,  etc,  a  multiplier  is  the  best 
instrument  for  observing  weak  illu¬ 
mination,  In  sound  reproduction 
from  films,  facsimile  transmission, 
and  other  operations  involving  high 
quality  optical  signals,  this  multi¬ 
plier  is  practical,  not  only  because 
it  has  a  low  noise  level,  but  also  be¬ 
cause  it  can  be  operated  with  an  un¬ 
regulated  exciter  lamp. 

The  authors  wish  to  express  their 
appreciation  to  Dr.  V.  K.  Zworykin 
for  his  guidance,  and  to  the  staff  of 
the  electronic  research  laboratory 
for  their  assistance,  and  regret  that 
space  does  not  allow'  all  specific  ac- 
know'ledgments  nor  a  bibliography 
of  all  the  works  which  led  to  this 
development. 


BEST  IN  ITS 

CLASS 


MIDGET  RF  RELAY 


That’s  why  many  discriminate  manu¬ 
facturers  of  transmitting  equipment 
have  adopted  this  Relay. 

This  unit  has  been  approved  as  a 
component  part  of  Type  Certificated 
Aircraft  Radio. 

"Isolantite"  insulation  throughout. 
Contact  combination  Double  -  Pole, 
Double-Throw  •/a"  Fine  Silver  Con¬ 
tacts. 

Can  be  furnished  with  third  pole. 
Special  Impregnated  coils  to  meet 
Army  or  Navy  specifications  can  be 
supplied. 

\y rite  for  Bulletin  MA-t 

advance 

ELECTRIC  COMPANY 

1260  W.  2nd  St.,  Los  Angeles,  Calif. 

Relay  Manufacturers 
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Tube  Registry 

Tube  Types  Registered  by  R.M.A. 

Data  Bureau  During  October,  1940 

Type  14Y4  (GL) 

Fuu,-wave  rectifier,  heater  type;  T-9  j 
integral  trlass  envelope-base;  seated  , 
height  2i  inches  (max) ;  8-pin  lock-in  | 
base. 


Kf  —  12.6  V 
//  =  0..t()  amp 
K,,,  —  1250  V  (max) 
Khk  “  450  V  (max) 

/p  210  ma  per  plat« 
(max) 

Ei’or  (70  ma  ps-r  plate)  ” 
22  V 


ft»M>KXSKI{  l.NffT  ro  Fll.TKK 

Ef  —  .'125  V  (max) 

Ik  ~  70  ma  (max) 

I’late  supply  impe<tence 
>■  i.50  ulims  (min) 


ClIttKK  IM’l’T  Tt»  Fll.TKK 

Kp  “  4.50  V  (max) 

Ik  ■*  70  ma  (max) 
llasing  .5AH-I./-0 


Type  14N7  (GL) 

Prototype  7N7  ((JI.)  [ 

l.o'.'BLE  triode,  heater  type;  T-9  in-  | 
>rral  irlass  envelope-base;  seated  \ 
neijrht  21  inches  (max);  8-pin  lock-in 
base.  j 


EACH  TKH»I>E  SECTlttX 

F.f  -  12.6  V 
7/  0.30  amp 

Kk  -  250  V 
E.  -  -  8  V 
7*  ■■  9  ma 
M  20 

Om  =  7700  amhos 
C,,  ••  .'14  and  2.9  aat 
Coal  •>  2.0  and  2  4  aaf 
Cpp  K  3.0  and  3.0  mm) 


Type  14C5  (GL) 

Prototype  7C3  ((»L) 


Beam  power  amplifier,  heater  type;  j 
T-9  integral  Klass  envelope-base;  | 
seated  height  28  inches  (max);  8-pin 


lock-in  base. 

Et  -  12  6  V 
7f  =  0.225  amp 
Kp  “  31.5  V  (max) 
f.’ot  -  225  V 

E., - 13 

Ikt  —  34  ma 
let  ”  2.2  ma 
Um  ~  37.50  iimhue 
r,  “  77,000  ohms 
El  “  8.5(K)  ohms 
I'.  »  5  5  watts  (12ri) 
Rasing  6.4A-IA) 


Type  14A4  (GL) 

Prototype  7A4  (GL) 


“MOST  COMPLETE  WASHER 
STOCK  LIST  EVER  OFFERED” 

.  .  .  say  Radio  Production  and  Design  Execu¬ 
tives  who  have  neen  advance  copies  of  this 
manual. 


Thi»  new  catalog  li»t»  complete  »pecification»  of 

OVER  2200  DIFFERENT 
WASHER  SIZES  ON  HAND 


Sf‘nd  for  this  handbook  showing  washers  ready  for 
immediate  shipment — including  a  complete  range  of 
all  standard  sizes  as  well  as  hundretls  of  other  wash¬ 
ers  in  a  great  variety  of  special  sizes,  materials,  and 
finishes 


Sent  free  to 
rated  firms 


SPECIAL  WASHERS 
and 

STAMPINGS 

made  up  promptly  to 
your  indlTlduul  reiiulre- 
ments 


SPECIAL  NOTE  TO  DESIGNERS 

Ttti.s  catalog  keys  those  sizes  which 
are  permanently  maintainetl  in  stock. 
.<elect  your  new  washer  specitications 
from  these  sizes  and  thus  assure  your- 
•self  prompt  delivery  at  all  times. 


WROUGHT  WASHER 
MFG.  CO. 

"The  World's  Largest  Producer  of  Washers" 

2237  S.  Bay  St.  Milwaukee,  Wis. 


That'S  the  job  of  Luxtron*  Photo- 
'  Electric  Cells,  and  with  Luxtron* 
you  gel  more  current  with  less  light. 
Thai’s  why  Luxtron*  Cells  are  ex¬ 
tensively  used  in  commercial  photo¬ 
metry  equipment  and  exposure 
meters  —  and  why  they  are  able  to 
operate'  relays  directly,  without 
booster  amplifiers  or  external  voltage 
supply,  in  many  industrial  control 
applications. 

In  addition  to  their  remarkable 
current  sensitivity,  Luxtron*  Cells 
combine  sturdiness  with  stability, 
long  life  with  low  cost,  and  are  sub 
•stantially  unaffected  by  temperature 
change 

LuxtrOn*  Cells  are  manufactured 
exclusively  by  the  Bradley  Labora 
tones  of  ALL  AMERICAN  compo 
nenis,  in.  a  variety  of  sizes  and 
shap»;s,  mounted  or  iirmounted,  and 
in  several  different  terminal  arrange  ' 
mr  njis.  Write  today  for  Catalog  No 
101.|l:sling  the  types  available  and 
complete  technical  data 


Triode,  heater  type;  T-9  integral  jrlass 
envelope-ba.se;  seated  height  2i  inches 
(max) ;  8-pin  lock-in  base. 


Ef  —  12.6  v 
If  =■  0.15  amp 
Ek  ^  250  V  (max) 

—  —  8  V 

Om  2600  gmhoa 

M  -  20 

r,  »  7700  ohms 
C,k  =  3.4  Maf 
C pk  ^  3.0 
Cgp  *  4.0  util 
Basing  .5.\C-IX) 


✓7 


PHOTO  ELECTRIC  CELLS 

BRAdiiy  LABORAlOmS,  INC. 

\  S2  MEADOW  •  NEW  HAVEN.  CONN. 

Us  P-i  Oil  _ _ 
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Salient 


Type 

Structure  or  Function 

Characteristic 

laaue 

Page 

6N6 

Dynamic  Coupled  PA . 

P.  =  4 

Sept 

40 

68 

6N6  (MG) 

Dynamic  Ooupled  PA . 

P.  =  4 

Oct 

40 

70 

6N7GT 

Twin-Triode . 

M  =35 

Nov 

40 

64 

6N7  (MG) 

Twin  Triode  AmpliOer . 

P.  =  10 

Oct. 

40 

70 

6P5G 

Detector  Ampli&er  Triode . 

M  =13  8 

July 

40 

57 

6P5GT 

Triode . 

M  =14 

Feb 

40 

.54 

6P8G 

Triode-Hexode  Oonverter . 

Ot  =  650 

.\pr 

40 

92 

6Q6G 

Diode.  High-mu  Triode . 

M  =65 

Sept 

40 

67 

6Q7GT 

Duodiode,  High-mu  Triode . 

=70 

June  40 

80 

6Q7  (MG) 

Duplex  Diode,  High-mu  Triode. 

M  =70 

Oct 

40 

69 

6P6G 

R-F  Pentode,  rco . 

g.  =  1450 

July 

40 

59 

6R7G 

Double  Diode,  Triode . 

M  =  16 

Nov 

40 

68 

6R7GT 

Double  Diode.  Triixle . 

,1  =  16 

Dec 

39 

53 

6R7  (M) 

Double  Diode.  Triode . 

M  =  16 

Oct 

40 

70 

6S5 

Tuning  Indicator . 

.4ug 

40 

66 

6S6GT 

R-F  Pentode,  rco . 

Om  =4000 

Apr 

40 

88 

6S7 

Triple-Grid  Super-Control  Am¬ 
plifier  rco . 

Om  =  1750 

July 

40 

60 

6S7G 

Triple-Grid,  8uper-Control  Pen¬ 
tode  rco . 

Om  =  1750 

Sept 

40 

67 

6SA7 

Pentagrid  Converter . 

0.  =450 

.\pr 

40 

92 

6SA7GT 

Pentanid  Converter . 

Ot  =  425 

Feb 

40 

55 

6807 

Twin  Triode  Ampliher . 

=70 

.\pr 

40 

93 

6SD7GT 

R-F  Pentode,  eemi-rco . 

Om  =  3600 

June  40 

72 

6SE7GT 

R-F  Pentode,  eco . 

Om  =3400 

June  40 

74 

68  F5 

High-mu  Triode . 

M  =  100 

.\pr 

40 

93 

68F5GT 

High-mu  Triode . 

p  =  100 

Jan 

40 

64 

68J7 

R-F  Pentode,  sco. . . 

Om  =  1650 

Apr 

40 

93 

68J7GT 

R-F  Pentode,  bco . 

Om  =  1650 

Jan 

40 

60 

6SK7 

R-F  Pentode,  rco . 

Om  =2000 

Apr 

40 

93 

6SK7GT 

R-F  Pentode,  rco . 

Om  =  1650 

Jan 

40 

60 

68  Q7 

High-mu  Triode.  Double  Diode.. 

M  =  100 

Apr 

40 

93 

6SQ7G 

Double  Diode.  High-mu  Triode. 

M  =  100 

Nov 

39 

73 

6SQ7GT 

Double  Diode,  High-mu  Triode . 

M  =  100 

Jan 

40 

60 

6SR7  (M) 

Duodiode,  Triode . 

M  =  16 

June  40 

72 

6T5 

Tuning  Indicator . 

July  40 

60 

6T6  fi  (GM) 

R-F  Pentode . 

Om  =  5500 

Nov 

39 

73 

6T7G 

Duodiode,  High-mu  Triode 

li  =  65 

Aug 

40 

68 

6U5-6G5 

Tuning  Indicator . 

.4ug 

40 

66 

6U6GT 

Beam  Power  Ampli6er . 

P.  =  5.5 

Aug 

40 

65 

6U7G 

A 

Triple-Grid  Super-Control  Am- 
pli6er . 

Om  =  1600 

Sept 

40 

70 

6V6 

Beam  Power  AmpliBer . 

P.  —  4  5 

July 

40 

58 

6V6G 

Beam  Power  AmpliBer . 

P.  =  4  5 

.4ug 

40 

6V6GT 

Beam  Power  AmpliBer . 

P.  =  4  25 

Nov 

39 

69 

6V7G 

Duodiode  Triode . 

P.  =  0  350 

Sept  40 

70 

6W5G 

Full-Wave  Rectifier . 

li.  =  90 

Aug 

40 

68 

6W6GT 

Beam  Power  Amplifier . 

P.  =  3  3 

Dec 

39 

,55 

6W7G 

Triple-Gria  Detector-Amplifier-sco  om  =  1225 

July 

40 

to 

6X5 

Full-Wave  Kectifier . 

li.  =  70 

Nov 

40 

72 

6X5GT 

Full-Wave  Rectifier . 

li.  =  70 

June  40 

76 

6X6G 

Tuning  Inaicator . 

Aug 

40 

66 

6  YOG 

Beam  Power  Amplifier . 

P.  =  6.0 

July 

40 

60 

6Y6GT 

Beam  Power  Amplifier . 

P.  =  3  6 

Jan 

40 

62 

6Y7G 

Double  Triode  PA . 

P.  =  8.0 

Aug 

40 

67 

6Z6  (MG) 

Full-Wave  Rectifier . 

li.— 50 

Oct 

40 

68 

6Z7G 

Twin  Triode  Power  Amplifier. . . 

P.  =  2  2 

July 

40 

59 

6ZY5G  ' 

Full-Wave  Rectifier . 

li.  =  40 

July 

40 

57 

7A4  (GL) 

Triode . 

M  =20 

Feb 

40 

54 

7A5  (GL) 

Power  Amplifier  Pentode . 

P.  =  1  9 

Jan 

40 

66 

7A6  (GL) 

Duo-diode . 

Mav 

40 

63 

7A7  (GL) 

7A7  (LM) 

R-F  Pentode,  rco . 

Om  =  2000 

.\pr 

40 

95 

R-F  Pentode,  rco . 

Om  =  2000 

Nov 

39 

75 

7A8  (GL) 

Octode  Converter . 

0.  =  600 

Mav 

40 

63 

7B4  (GL) 

High-mu  Triode . 

M  =  100 

Mar 

40 

63 

7B5  (GL) 

Power  Amplifier  Pentode . 

P.  =  3  4 

Alar 

40 

69 

7B5  (LT) 

PA  Pentode . 

P.  =  4  5 

Alav 

40 

60 

7B6  (GL) 

7B6  (LM) 

Double  Diode,  High-mu  Triode.. 

/I  =  100 

Mar 

40 

67 

Duo-Diode,  High-mu  Triode. . . . 

=  100 

May 

40 

60 

7B7  (GL) 

R-F  Pentode,  rco . 

Om  —  1700 

.\pr 

40 

95 

7B8  (GL) 

Pentagrid  Converter . 

0.  =  550 

Mar 

40 

66 

7B8  (LM) 

Pentagrid  Converter . 

fff  — “  5o0 

May  40 

60 

7C5  (GL) 

Beam  Power  Amplifier . 

P.  =  4.25 

Mar 

40 

66 

7C5  (LT) 

Beam  Power  Amplifier . 

P.  =  5  5 

May 

40 

61 

7C6GL 

Duo-Diode,  Triode . 

M  =  100 

.\pr 

40 

95 

707  (GL) 

R-F  Pentode . 

Om  =  1300 

I'eb 

40 

56 

7D7  fs  (GL) 

Triode-Hexode  Converter . 

0.  =275 

Nov 

39 

70 

7E6  (GL) 

Double  Diode,  Triode . 

M  =  16 

Feb 

40 

51 

7E7  (GL) 

Double  Diode,  Pentode . 

Om  =  1300 

Dec 

39 

55 

7F7  (GL) 

Double  Triode . 

Om  =  2(1600)  Dec 

39 

.55 

7G7/1232(GL) 

R-F  Pentode,  bco . 

Om  =  4.500 

Mar 

40 

63 

7H7  (GL) 

R-F  Pentode  semi-rco . 

l/m  =  3800 

Oct 

40 

65 

7J7  (GL) 

Triode-Hexode  Converter . 

0.  =310 

Nov 

39 

69 

7L7  (GL) 

R-F  Pentode,  sco . 

Om  =3100 

May 

40 

60 

7N7  (GL) 

Double  Triode . 

M  =20 

June  40 

74 

7Q7  (GL) 

Pentagrid  Converter . 

0.  =  450 

Nov 

39 

71 

7Y4  (GL) 

Full-Wave  Rectifier . 

li.  — 60 

Apr 

40 

i<5 

12A6  (M) 

Beam  Power  Amplifier . 

P.  =  2.5 

Dec 

39 

51 

12A8G 

Pentagrid  Converter . 

0.  =  550 

Jan 

40 

62 

12A8GT 

Pentagrid  Converter . 

g,  =500 

Mar 

40 

69 

12B6  (M) 

Diode,  High-mu  Triode . 

M  =  100 

Sept 

40 

66 

12B7  (GL) 
12B7  (ML) 

R-F  Pentode,  rco . 

Om  =  2000 

Dec 

39 

.55 

R-F  Pentode,  rco . 

Om  =2000 

Nov 

39 

71 

12B8GT 

Triode,  Pentode . 

Om  =  1800 

Mar 

40 

65 

1208  (M) 

Double  Diode  Pentode . 

Om  =  1325 

Mar 

40 

65 

12E5GT 

Triode . 

M  =  14 

Nov 

39 

70 

12F5GT 

High-mu  Triode . . 

g  =  100 

Mar 

40 

66 

12G7G 

Double  Diode,  High-mu  Triode 

M  =70 

Feb 

40 

51 

12J5G 

Triode . . 

^  =20 

Feb 

40 

53 

12J7G 

R-F  Pentode,  bco . . 

Om  =  1225 

Apr 

40 

88 

12J7GT 

R-F  Pentode,  bco . . 

Om  =  1225 

Mar 

40 

67 

12K7G 

R-F  Pentode,  rco . . 

Om  =  1650 

Jan 

40 

67 

12K7GT 

R-F  Pentode,  rco . . 

Om  =  1450 

Mar 

40 

67 

12K8GT 

Triode-Hexode  Converter . 

Oe  =  350 

Nov 

39 

75 

12K8  fM) 

Triode-Hexode  Converter . 

0.  =350 

Dec 

39 

52 

12Q7GT 

Double  Diode,  High-mu  Triode. 

M  =70 

Mar 

40 

68 

12SA7G 

Pentagrid  Converter . 

0.  =380 

Apr 

40 

88 

12SA7GT 

Pentagrid  Converter . 

0.  =  450 

Feb 

40 

51 

12SA7  (M) 

Pentagrid  Converter . 

0.  =  450 

Mar 

40 

64 

Salient 


Type 

Structure  or  Function 

Characteristic 

Issue  Fi 

12S('7  (M) 

Twin  Triode . 

M  =70 

Mar 

40 

64 

12SF5  (M) 

High-mu  Triode . 

M  =  100 

Nov 

39 

75 

128F5GT 

High-mu  Triode . 

M  =  1(H) 

Jan 

40 

64 

12SJ7GT 

R-F  Pentode,  bco . 

Om  =  16.50 

Jan 

40 

60 

12SJ7  (M) 

R-F  Pentode,  bco . 

Om  =  u>r>o 

Mar 

40 

64 

12SK7GT 

R-F  Pentode,  rco . 

Om  =  16.50 

Jan 

40 

64 

12SK7  (M) 

R-F  Pentode,  rco . 

Om  =2000 

Mar 

40 

64 

12SQ7GT 

Double  Di.xle,  High-:nu  Triode. 

M  =  100 

Jan 

40 

60 

12S<j7  (M) 

Double  Diode,  High-mu  Trirxle. . 

M  =  1(X) 

Mar 

40 

64 

12SR7  (M) 

Double  Diode,  Triode . 

M  =  16 

Dec 

39 

51 

14A4  (GL) 

Tricxle . 

M  =20 

Dec 

40 

63 

14A5  (GL) 

Beam  Power  Amplifier . 

P.  =  2  5 

Dec 

40 

64 

14A7'12B7(GL)R-F  Pentcxle,  rco . 

Om  =  2000 

Dec 

40 

6.5 

14B6  (GL) 

Duo-Diode,  High-mu  Triple. . . . 

M  =  100 

May  40 

.58 

14B8  (GL) 

Pentagrid  Converter . 

0.  =  .5.50 

Dec 

40 

64 

1405  (GL) 

Beam  Power  .\niplifier . 

P.  =  5  5 

Dec 

40 

6.3 

1407  (GL) 

R-F  Pentode,  bco . 

Om  =  1.575 

Dec 

40 

i\4 

1417  ((iL) 

Double  Triode . 

M  =  70 

Dec 

40 

64 

14H7  (GL) 

R-F  Pentode.  Bemi-rco . 

Om  =  .3.800 

Oct 

40 

65 

14J7  (b  (GL) 

Triotle-Hexode  Converter  rco.  .  . 

0,  =310 

Nov 

39 

71 

14N7  (GL) 

Double  Triode . 

M  =20 

Dec 

40 

6.3 

14Q7  (GL) 

Heptode  Converter . 

0.  =  4.50 

Mav 

40 

.58 

14Y4  (GL) 

Full-Wave  Rectifier . 

li.  =  70 

Dec 

40 

63 

20G8fB  (GM) 

Triode-Heptode  Converter . 

0.  =270 

Nov 

39 

75 

21A7  fs  (GL) 

Trirxle-Hexode  Converter . 

0.  =  275 

Nov 

39 

70 

25A6GT 

P.\  Pentixle . 

Pm  =  1?  9. 

June 

40 

76 

2.5A6  (M) 

P.\  Pentrxle . 

P.  =  2  2 

Oct 

40 

70 

2.5A7 

P.\  Pentrxle . 

P.  =0  77 

Sept 

40 

69 

2.5A7GT 

Half-Wave  Rectifier.  P.\  Pentrxle 

F.  =0  77 

June  40 

78 

25Ar5G 

P.\  Triode . 

P.  =  3  3 

Apr 

40 

92 

25AC5GT 

Power  .\inplifier  Triode . 

P.  =  2.0 

Nov 

39 

72 

2.5B5 

Dvnaniic-Couple<l  P.\ . 

P.  =  3  8 

Sept 

40 

2.5B6G 

P.\  Pentode . 

P.  =  7  1 

Sept 

40 

68 

2.5B8GT 

Tritxle.  Pentode . 

Om  =  2(H)0 

Feb 

40 

54 

25060. 

Beam  Power  .\mplifier . 

P.  =  6  0 

Jan 

40 

66 

25D8GT 

Difxle,  Tricxle.  Pentixle,  rco . 

Om  =  1900 

Feb 

40 

.56 

2.5  L6 

Beam  Power  .\mplifier . 

P.  =  2  2 

.\ug 

40 

70 

25L6G 

Beam  Power  .\inplifier . 

P.  =  22 

Sept 

40 

69 

2.5U.GT 

Beam  Power  .Amplifier . 

P»  =  22 

June  40 

78 

25N6G 

Dynamic  Couple.!  PA . 

/’.  =  3  8 

S<>pt 

40 

70 

25X6GT 

Rectifier  Doubler . 

li,  =  60 

Fell 

40 

*5f> 

25Y4GT 

Half-Wave  Rectifier . 

li,  =  75 

Dec 

39 

.54 

25Y5 

Full-Wave  Rectifier  Doubler  .  .  . 

li.  =  7.5 

Nov 

40 

68 

25Z4 

Half-Wave  Rectifier . 

li,  =  125 

.\pr 

40 

95 

25Z4GT 

Half-Wave  Rectifier . 

Idf  =  125 

Dec 

39 

54 

25Z6GT 

Full-Wave  Rectifier,  Doubler.  .  . 

li.  =  7.5 

'June  40 

78 

2.5Z6  ■  (M) 

Full-Wave  Rectifier,  Doubler.  .  . 

I  i.  =  75 

Oct 

40 

70 

32L7GT 

Rectifier,  Beam  P.\ . 

P.  =  1  0 

Mar 

40 

69 

35A5GL 

Beam  Power  .\inplifier . 

P.  =  1  4 

.\pr 

40 

9.5 

3.5A5LT 

Beam  Power  .\inplifier . 

P.  =  1  5 

Nov 

39 

74 

3.5IOG 

Beam  Power  .\inplifier . 

P.  =  1  5 

Jan 

40 

♦»7 

3.5IJ)GT 

Beam  Power  .\mplifier . 

P.  =  1  5 

Apr 

40 

94 

35Z3GL 

Half-Wave  Rectifier . 

It,  =  1(X) 

Apr 

40 

94 

35Z3LT 

Half-Wave  Rectifier . 

It.  =  100 

Nov 

3'.) 

74 

35Z4GT 

Half-Wave  Rectifier . 

It,  =  100 

Apr 

40 

94 

35Z.5G 

Half-Wave  Rectifier . 

It.  -  100 

Jan 

40 

35Z.5GT 

Half-Wave  Rectifier . 

li,  ---  --  1(H) 

Mar 

40 

fifi 

35Z6G 

Rectifier-Doubler . 

li.  —  110 

May 

40 

61 

40Z5  45Z5GT 

Identical  with  4.5Z.5GT . 

I'eb 

40 

50 

43 

P.\  Pentixle . 

P.  =  2  2 

Oct 

40 

fif> 

4.5Z.5GT 

Half-Wave  Rectifier . 

It.  =  1)H) 

I'eb 

40 

5S 

SOOtiG 

Beam  Power  .\inplifier . 

P.  =6 

Dec 

39 

51 

60IOGT 

Beam  Fower  .\mplifier . 

P.  1  7.5 

Feb 

40 

5ft 

50Y6G 

Rectifier-Doubler . 

lii.  =  75  , 

Apr 

40 

90 

50Y6GT 

Rectifier  Doubler  . 

Ide  =  H.’> 

Dec 

.39 

.56 

50Z6G 

Full-Wave  Rectifier  . 

Id4  =  2*>B 

June 

40 

74 

50Z7G 

Rectifier  Doubler  . 

It,  =  6.5 

Dec 

39 

5ft 

70.47GT 

Kectifier,  Beam  PA . 

P.  =  1 .5 

Dec 

.39 

.57 

70L7GT 

Rectifier,  Beam  PA . 

P.  =  1 .8 

Feb 

40 

5ft 

83  V 

Full-Wave  Rectifier . 

li.  =  17.5 

Nov 

40 

72 

84  6Z4 

I’ull-Wave  Rectifier . 

li.  =  60 

Oct 

40 

*>ft 

117L7GT 

Rectifier,  Be.am  P.\ . 

P.  =0.55 

Nov 

.39 

74 

117M7GT 

Rectifier,  Beam  Fower  .\mplifier. 

P.  =  1  3 

Mav 

40 

61 

117N7GT 

Rectifier,  Beam  Fower  .\mplifier. 

P.  =  1  2 

July 

40 

57 

117Z6G 

Full-Wave  Rectifier  . 

li.  -  60 

Jan  1 

40 

62 

117Z6GT 

Full-Wave  Rectifier,  Doubler.  .  . 

li.  =  60 

May  40 

56 

Cold  Cathode  Types 
(lonically  Heated  Cathodes) 


OA4G 

Cold  cathode  tube,  glow  dis¬ 
charge  tube . 

li.  =  25 

June  40 

74 

0Z3 

Full-Wave  Gas-Filled  Rectifier. 

li.  =  75 

Oct 

40 

♦>7 

0Z4  t- 

Full-Wave  Gas-Filled  Rectifier.  . 

li,  =  75 

Oct 

40 

67 

3AF1 

Picture  Tubes 

Electrostatic . 

E 

=  1.500 

Jan 

40 

67 

3AF4 

Electrostatic . 

E 

=  I'lOO 

Jan 

40 

67 

5AF1 

1  Electrostatic . 

E 

=  1.500 

Feb 

40 

55 

5AF4 

Electrostatic . 

E 

=  1.500 

Feb 

40 

55 

5BF1 

ElectroBtatic . 

E 

=  2000 

Jan 

40 

67 

5BF4 

Electrostatic . 

E 

=  2000 

Jan 

40 

65 

7AF4 

Magnetic . 

E 

=  3.500 

Dec 

39 

52 

9AF4 

Magnetic . 

E 

=  7000 

Jan 

40 

♦  >ft 

9CF4 

Magnetic . 

E 

=  7(HX) 

Oct 

40 

65 

12AF4 

Magnetic . 

E 

=  7000 

Jan 

40 

fifi 

12CF4 

Magnetic . 

E 

=  7000 

Oct 

40 

65 

62 


Dpcemhor  1940  —  ELECTRONICS 


TENSITE 

made  only  by 


WILBUR  B.  DRIVER  CO. 

NEWARK,  HEW  JERSEY  ^ 


THE  TIIPLETT  ELECTRICAL  IRSTRHMERT  CO. 
>  Blutfton,  Ohio 


(max);  8-j)in  lock-in  base, 


If  =  0  1;,  arnp 
A,' 6  =  2.V)  V 

A',2  =  l(K»  V 
A',i  =“  —  ;{  V 
/  *  =  (1.2  Ilia 
/el  =  2.0  nia 

(/m  =  2000  ^iiihofi 
Tp  =  0  8  IIK-Kulllll 

(.\m  MmI 

C',«(  =  7  .0  )i)i{ 

C'l,  =  ooo.‘>  Mdf.d 

MasiiiK  8\  -I.-.', 


"Little  Tripletts" 

The  Little  Testers  with  the 
Big  3-Inch  Instruments 


MODEL 

666 


Tube  Types  Registered  By  R.M.A. 
Data  Bureau  in  1934.  1935  and  1936 


•  IIer«*  in  a  new  complete  line  of 
Geiiemolors  for  Aircraft,  Police,  Marine 
Kailio,  and  K<*neral  use,  where  depend¬ 
able  anil  elhcient  service  is  required. 
.Armatures  are  wound  with  double  en¬ 
amel  and  silk  wire,  insuring  trouble 
free  operation.  There  is  a  Carter  Cene- 
motor  or  (Converter  for  every  require¬ 
ment  from  5  to  1000  watts  output. 
TX  rite  for  further  information. 


-  OC  Pocket 
Size  Volt-Ohm- 
Mill  iam  meter 
Dealer  Net  Price 
.  .  .  $14.00 


Prototype  1A4 

Sl'PKR-coNTROL  r-f  amplifier,  filament 
type,  ST-12  plass  envelope,  seated 
heijrht  3iiH  inches,  7-pin  octal  base. 


H  OHICAOO  IkLIMOIS 


'AC  Ammeter  .  .  . 
0-1:  0-2.5;  0-5: 
0-10:  0-25  .  .  . 
Dealer  Net  Price 
$9.00 


1606  Milwaukee  Ave.  Cable:  Genemotor 
Corttr  a  well  known  nam*  In  Radio  iince  1922 


2  2  ma 
0.7  ina 
0  6  moKolim 
(approx) 
62.5  Miiihos 


Basing  5Y 


MODEL 

671 


Five  ranget:  0-5: 
0-10;  0-25;  0-50: 
0-100;  0-250; 
0-500;  0-1000: 

AC  Milliameeres 
.  .  .  Dealer  Net 
Price  .  .  .  $9.00 


Prototype  IBI 

R-f  PENTODE  amplifier,  filament  type, 
ST-12  ftlass  envelope,  seated  height 
3ii?  inches,  7-pin  octal  base. 


2.0  V 

006  amp 
180  V  (max) 

67.5  V  (max) 
-  3  V 

1.7  ma 
0.6  ma 

1.5  megohm 
(approx) 

650  Mmhoe 


The  "Little  Tripletts"  comprise  a  series 
of  matched  instruments  available  in 
single  units  or  in  combination  to  answer 
every  servicing  or  electrical  analyzing 
problem.  Models  available  In  addition 
to  the  above  are  as  follows: 

Model  672—0-150;  0-303:  0-750  AC  Volts  .  .  . 
$9.00  Dealer  Net 

Model  673-0-5:  0-10;  0-25:  0-50;  0-100:  0-250; 
0-500:  0-1000  AC  Volts  (Rectifier  type)  .  .  . 
$9.00  Dealer  Net 

Model  674 — 0-1:  0-2.5:  0-5:  0-10:  0-25  OC  Am¬ 
peres.  $9.00  Dealer  Net 

Model  675-3-1;  0-5:  0-10:  0-25:  0-100:  0-250: 
0-500;  0-1000  DC  Milliamperes.  $9.00  Dealer  Net 
Model  676-0-50:  0-100:  0-250:  0-500:  0-1000  DC 
Microamperes.  $9.00  Dealer  Net 
Model  677-0-1:  0-2.5:  0-5:  0-10:  0-25;  0-50; 
0-100:  0-250;  0-500  :  0-1000  DC  Volts  at  1000 
ohms  per  volt  .  .  .  $9.00  Dealer  Net 
Model  678  Ohmmeter.  Self-contained  batteries  for 
0-1000  Ohms  (10  Ohms  Center  Scale);  0-10.000 
Ohms  (100  Ohms  Center  ^ale):  0-100.000  Ohms; 
0-1  Megohm;  0-10  Megohms  ,  .  .  $9.00  Dealer  Net 
Fur  full  eoupiratiem  irifh  the  National  Defense 
Frugrum,  Triplett  engineering  and  produetiun 
laeilitus  art  being  rapidlp  expanded  to  continue 
the  serriet  and  delirerp  to  ichieh  our  trade  i< 
arcustumed. 

Wrife  for  Catalog — 

Section  2312,  Harmon  Drive 
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Prototype  1F4 

Power  amplifier  pentode,  filament 
type,  ST-14  glass  envelope,  seated 
height  4iV  inches,  7-pin  octal  base. 


2.0  V 
0.12  amp 
135  V 
135  V 
-  4.5  V 
8.0  ma 
2.4  ma 
16.000  ohms 
0.310 

watts  (5%) 


Basing  6\ 
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Type  14A7/12B7 

■ 

AIRCRAFT  ryPE 
G-  E  N  e  MOTOR  S 

Prototype  12B7 

1 

R-K  PENTODE,  rco;  T-9  integral  glass 

r  7 

■ 

Type  14A5  (GL) 

Prototype  12A6 


Beam  power  amplifier;  heater  type; 
T-1)  integral  glass  envelope-base; 
seated  height  21  inches  (max);  8-pin 
lock-in  base. 


Kf  =  12  6  V 
If  =  0.15  amp 
E>  “  E,i  =  250  V. 

(max) 

Kfi  =•  —  12.5  V 
/»,  =  30  ma 
Itu  =«  3.5  ma 
Om  °*  3000  Mmhos 
r,  =  50, (KK)  ohms 
Rt  =  7500  ohms 
P„  “  2.5  watts  (lO^i) 
HasiiiK  6AA-L-0 


XaiitintLO*t 


NO  MOVING  PARTS 


Type  14B8  (GL) 

Prototype  7B8  (GL) 

Pentagrid  converter;  heater  type; 
T-9  integral  glass  envelope-base; 
seated  height  2i  inches  (max)  ;  lock-in 
8-pin  base. 


When  a  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 


Ef  =  12.6  V 
If  —0.15  ;imp 
E  k  =  2.50  V 
E.  M  =  100  V 
E,i  =  -  3  V 
E,t  =  250  V 
E,i  =•  (50, (KM)  ohms  X 
0  4  ma)  =  —  20  V 
/  k  =•  3. .5  ma 
let  =  40  ma 
I,t.i  =  2  7  ma 
Total  cathode  current  « 
10.6  ma 

Ue  =  550  Minhos 
r,  =  0.36  meftohm 
Hasinn  8X-IA) 


RAYTHEON  MANUFACTURING  CO. 

100  Willow  Street,  WALTHAM,  Massachusetts 


Prototype  7C7  (GL) 

R-F  PENTODE,  sco;  heater  type;  T-9 
integral  glass  envelope-ba.se;  seated 
height  21  inches  (max)  lock-in  8-pin 
base. 


Ef  =•  12.6  V 
If  —  0.15  amp 
E»  =  250  V 
Erl  “  100  V 
E.i  -  -  3  V 
/ »  ■“  2.2  ma 
let  =  0.7  ma 
Om  =•  1575  iimhos 
r,  —  1  meftohm 
Ci.  -  6.0  MMf 
C.Mi  6.5  MMt 
C,f  —  0.007  MMf  (max) 
Basing  85’-I>-5 


Type  14F7  (GL) 

Prototype  7F7  (GL) 

Double  triode;  heater  type;  T-9  in¬ 
tegral  glass  envelope-base;  seated 
height  21  inches  (max) ;  8-pin  lock-in 
base. 


Yes,  there  is  a  complete  line  of  BUD 
Ciondensers  designed  specifically  (or 
the  Ultra-High  Frequencies.  They  are 
construaed  to  meet  the  particular  re¬ 
quirements  of  high  frequency  FM  or 
AM  transmitter  applications. 

A  four-point  wiping  contact  is 
placed  at  the  center  of  the  rotor  in 
order  to  provide  an  even  voltage  dis¬ 


tribution  on  both  sections  and  to  allow 
a  symmetrical  mechanical  design  in 
the  amplifier.  Tie  rods  are  insulated 
with  Alsimag  196  pillars  to  eliminate 
closed  inductive  loops  in  the  frame. 

These  condensers  are  made  in  three 
sizes  for  powers  up  to  5000  watts. 
We  invite  your  inquiries  for  further 
information  on  these  and  all  other 
Bud  Condensers. 


EA('H  tkiodp:  section 


Ef  -  12.6  V 
//  «>  0.15  amp 
Ek  “  250  V  (max) 
E.  -  -  2  V 
/k  —  2.3  ma 
M  =  70 

r,  —  44,000  ohms 
Om  1600  fimhos 
Basing  8AC-L^ 
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THE  ELECTRON  ART 

U-li-f  aiih'iiiiu  ooupliii"  circuits,  sound 
apparatus  for  the  theater,  square  naves 
at  liijsh  frequencies,  direet-readinj;  nave 
meter  and  a  universal  phono^rapli  pick¬ 
up  art*  rt*vit‘nt‘tl  this  nioiitli 


I  -II-F  Aiil<‘iiiia 
t!(»iipliii^  (lireiiils 

Tiirkk  types  (tK  ('(H'PMNC  circuits  for 
u-h-f  receiving  antennas  when  the 
antenna  is  mounted  on  a  rejrular  trans- 
mittinjr  antenna  tower  are  i)rief1y  dis¬ 
cussed  in  the  Novenil)er  11*40  issue  of 
the  AI‘C()  liullrtiu  (Associated  Po¬ 
lice  ('ominunication  Officers)  hy  M.  M. 
I.esensky.  The  illustration  shows  three 
of  the  most  po|)ular  circuits  now  in 
use  hy  the  Police  Department  for  such 
installations.  Circuit  ('  is  preferred 
and  is  recommended  in  preference  to 
the  other  two  wherever  possible.  It 
has  the  advantajre  of  providinjr  a  di¬ 
rect  ground  for  the  tower  in  case  of 
litrhtninjr  and  reduces  chances  of  loss 
in  the  matchinjr.  which  mijrht  occur  on 
the  other  circuits. 


•  •  • 

Sound  (loiitrol  .\pparalii8 
For  The  Thealer 

The  soi'NP  CONTROL  apparatus  used  in 
the  Stevens  Theater  (Stevens  Institute 
of  Technolotry)  is  described  by  Har¬ 
old  Burris-Meyer  in  the  July,  11*40  issue 
of  the  Journal  of  the  Acoustical  So- 
cicty  of  America.  The  purpose  of  sound 
control  apparatus  in  a  theater  is  to 
enable  the  audience  to  hear  any  sound 
from  any  source  and  that  sound  must 
have  the  (juality,  intensity,  apparent 
direction,  apparent  distance  and  rever¬ 
beration  requisite  to  the  production. 
To  satisfy  these  conditions  apparatus 
has  been  desijrned  and  built  based  on 
the  experience  of  several  years. 

The  ffexibility  of  the  equipment  is 
such  that  any  or  all  of  six  .sound 
sources  may  be  used  and  that  any  or 
all  of  eiftht  loudspeakers  may  be  used. 
P'ach  input  circuit  has  its  own  pre- 
ampliffer  and  remote  volume  control. 
The  frequency  response  of  each  pre¬ 
amplifier  may  be  preset  to  compensate 
for  limitations  of  the  sound  sources. 
Kxpansion  may  al.so  be  supplied  to 
records  on  which  the  dynamic  ranjre 
has  been  compressed.  When  expansion 
is  switched  out  of  the  circuit,  con¬ 
traction  or  automatic  volume  control 
is  switched  in.  In  the  operation  of  cer¬ 
tain  mechanical  sound  generators, 
manipulation  of  the  expansion  com¬ 
pression  switch  results  in  striking:  vari¬ 
ations  in  attack  and  apparent  rever¬ 
beration  of  the  sound.  Each  loud¬ 
speaker  has  its  own  fiat  response  power 


amplifier.  They  are  individually  con¬ 
trolled  to  provide  perspective  on  the 
stajre,  above  the  audience  and  alonj;- 
side  of  the  theater.  By  usinjr  only  one 
speaker  per  amplifier  and  by  usintr 
liower  amplifiers  of  jrood  output  regula¬ 
tion  the  problem  of  impedance  match- 
injr  is  avoided.  .An  interestinjr  side- 
lijrht  on  the  eiiuipment  is  that  it  has 
been  found  to  be  more  convenient  to 
use  attenuators  whose  operation  is  up 
and  down  rather  than  rotary.  Provi¬ 
sions  are  made  so  that  the  sound  from 
any  source  may  be  connected  to  any  of 
the  speakers. 

.\  frequency  discrimination  network 
is  useil  to  correct  the  response  of  cer¬ 
tain  mechanical  sijrnal  generators  and 
to  synthetize  sound  for  which  special 


jrenerators  were  not  available.  Also 
de.scribed  is  a  thunder  screen  which  is 
said  to  be  more  useful  than  a  truckload 
of  prop  sound  machines.  It  effectively 
replaces  all  the  rumble,  drum,  board 
and  sheet  mechanisms  and  all  the 
crashes  except  jilass.  The  sound  as 
it  fionerates  can  be  controlled  as  to 
distance,  direction,  movement,  attack, 
I'everberation.  fre(iuency,  etc.  The 
electronic  and  mechanical  {tt'Ntu’ators 
are  important  not  only  because  the 
sound  produced  is  susceptible  to  easy 
control  but  also  because  their  opera¬ 
tion  is  silent  .so  far  as  the  operator 
is  concerned,  and  they  can  be  used 
out  front  where  the  operator  can  hear 
and  see  the  show. 


Three  .methods  of  ce.nerating  square 
WAVES  over  a  wide  ranse  of  fre- 
(luencies  are  described  in  an  article  en¬ 
titled  “The  Generation  of  Square- 
Wave  Voltajres  at  Hijrh  Frequencies” 
by  Willard  H.  Fenn  in  the  Novem¬ 
ber,  1'.*4(*  issue  of  The  Review  of  Scien¬ 
tific  Instruments.  The  first  method 


Three  coupling  circuits  for  ultrahigh-irequency  receiving  antennas. 
Circuit  C  is  preferred  ttecause  it  provides  a  direct  ground  for 
the  tower  and  the  chances  of  losses  in  matching  are  less 


Square  V)  aves  at 
Hi^h  Frequencies 
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lAGABI  ^aUBRI-TACT 

LABORATORY  RHEOSTATS 


JAMES  G.  BIDDLE  CO. 

Cle€tri€al  Instrumentt 
1211-13  Arch  Street  Philadelphia,  Po. 


F-M  Police 
Network 


{Cotiti)nied  from  paye  HI) 


by  the  ignition  noise  from  an  ap- 
proachinj?  car.  This  happened  de¬ 
spite  the  peak  limiter  action  in  the 
receiver.  In  a  similar  situation  with 
f-m,  the  tick  of  ijrnition  noise  would 
be  heard  but  the  intellijribility  of 
the  reception  was  not  destroyed. 

The  overlappinjr  of  the  service 
areas  is  a  very  important  desijjn 
factor  in  the  Connecticut  system. 
Since  it  is  true  that  the  operation  of 
the  single  station  at  Hartford  will 
provide  secondary  coverage  over  the 
whole  State,  each  of  several  stations 
will  serve  all  or  a  large  portion  of 
an  adjacent  territory  with  solid 
coverage.  This  means  that  if  one  or 
more  fixed  stations  fail  for  any 
reason,  the  areas  can  be  served  by 
the  nearest  stations  available.  If 
all  fixed  stations  were  taken  out  of 
service,  very  effective  two-way  cov¬ 
erage  could  be  maintained  by  park- 1 
ing  mobile  units  near  the  fixed  I 
station  locations  and  using  them  to 
replace  the  fixed  stations.  This  cov¬ 
erage  safety  factor  insures  continu¬ 
ation  of  service  when  it  is  most 
needed,  that  is  when  an  emergency  I 
prevents  the  operation  of  one  or 
more  fixed  stations.  Complete  two- 
way  communication  between  sta¬ 
tions  is  provided  for  by  the  fixed- 
station-frequency  receiver  mounted  ! 
at  each  station. 

In  conclusion  it  may  be  said  that 
the  Connecticut  State  Police  Radio 
system  is  flexible,  that  the  coverage 
safety  factors  are  large  and  that  the 
system  provides  primary  state-wide 
tw’o-way  communication  service.  The 
writer  wishes  to  acknowledge  the 
generous  assistance  contributed  by 
the  following  men:  Colonel  Edward 
J.  Hickey,  Commissioner  of  Con¬ 
necticut  State  Police  for  his  pro¬ 
gressive  attitude  and  whole-hearted 
support;  Sidney  Warner,  State  Sup¬ 
ervisor  of  Radio  Maintenance  for 
his  effective  engineering  assistance; 
Edward  Sheeler  for  his  twenty 
thousand  miles  of  survey  activity; 
Fred  M.  Link  and  Fred  Budelman 
for  their  contributions  to  the  de¬ 
velopment  of  the  specialized  equip¬ 
ment. 


THE  HlBfiySELLlNG 


COMMUNICATIONS 

RECEIVER 


Here  is  one  of  the  many  reasons  lor 
Hallicroiters  supremacy  in  the  amateur 
communications  field.  The  new  1941 
SX-28  qiTes  you  top  quality  perform¬ 
ance  plus  the  finest  precision  crafts¬ 
manship  obtainable. 


Check  all  these  improved  features!  15 
tubes — 6  bands — Frequency  range  550 
kc.  to  42  me. — Two  stages  preselection 
— Electrical  bandspread  on  ALL  BANDS 
including  international  short  wave  band 
— Calibrated  bandspread  inertia  con¬ 
trolled — Micrometer  scale  tuning  iner¬ 
tia  controlled — Tone  and  AC  On-Off — 
Beat  Frequency  Oscillator — AF  Gain — 
RF  Gain — Crystal  phasing — Adiustable 
noise  limiter — Send-receive  switch — 80, 
40,  20  and  10  meter  amateur  bands 
calibrated — Wide  angle  "S"  meter — 
Band  pass  audio  filter — Improved  sig¬ 
nal  to  image  and  noise  ratio — Push- 
pull  high  fidelity,  audio  output — 6 
step  wide  range  variable  selectivity — 
Phone  jack — Improved  headphone  out¬ 
put  Dimensions  2OV2"  x  10"  x  14^^". 
Model  SX-28  with  crystal  and  tubes. 
$159.50. 


COILS 


Windings 


Elecfrical 


COMPETENT  end  experienced  or- 
ganizatiof*  devoted  to  the  design  and 
manufacture  of  coil  windings. 

Paper  Interlayer  sections — form  wound 
and  bobbin  wound  coils. 

Equipped  for  prompt  production 
on  quantity  or  small  orders. 

N.  OINION.  Pres.  4  Gen. -Mgr. 

REPRESENTATIVES 

W.  A.  JORDAN  PARAGON  SALES  CO. 

29$  Madison  Ave.,  (C.  H.  Fryburg) 

New  York.  N.  Y.  402  Cherry  St.. 

Philadelphia.  Pa. 

GILBERT  GISLASON  A.  J.  LOEB  SALES  CO. 

82  St.  Paul  St..  1836  Euclid  Ave.. 

Rochester,  N.  Y.  Cleveland,  Ohio 


liicrarti 

CHICACO,  V.f.A. 


USED  BY  33  GOVERNMENTS 
KfOU  IN  M  CQDNTRIEjL^ 


sixteenth  and  Butler  Streets  EASTON,  PENNA. 
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ELECTROMCS 


CONSTANT  LABORATORY  CHECK  on  RAW  MATERIALS 
is  only  ONE  of  HUDSON  WIRE’S  TESTS  for  QUALITY 


for  vertical  motion.  A  switch  placed 
near  the  turntable  changes  the  con¬ 
nection.  Throwing  this  switch  is  the 
only  operation  required  for  the  change- 
over  from  one  type  of  record  to  an¬ 
other.  If  this  is  overlooketl  at  the 
moment,  it  can  be  put  ripht  without 
stopping;  the  record. 

The  magnetic  circuit  consists  of  a 
rectangular  har  of  magnetic  material 
to  which  is  riveted  two  soft-iron  U- 


#  Bomb  Ralooset 

#  Fire  Controls 

#  Communication  equipment 
for  tanks  and  planes. 

#  Portable  Pack 

#  Radio  Remote  Controls 

#  Signal  Corps  Requirements 

#  Controls  for  synchronized 
and  non-synchronized  moch- 
ine  gun  fire  on  aircraft 

#  Anti-Aircraft  Gun  Control 
Special  Switches  and  Con¬ 
trol  Assemblies,  complete 
or  in  part 


Defense  Contract 


★  Are  you  working  on  a  negotiated  defense  contract?  Or,  o  defense  contract 
including  government  specified  equipment  designed  by  other  than  govern¬ 
ment  engineers? 

Guardian  Electric  is  prepared  to  act  as  a  primary  and  secondary  source  of 
supply  .  .  .  ready  to  furnish  Relays  that  carry  U.  S.  Government  approval  .  .  . 
solenoids  .  .  .  stepping  switches  .  .  .  complete  control  assemblies  that  will  simplify 
and  speed  your  defense  contract  work  to  a  profitable  conclusian. 


Frequency  characteristic  of  the  uni- 
versol  reproducer 


shapt'd  yokt-.s,  out*  of  which  cari  ios  the 
center  jtole  piece.  The  two  yokes  are 
secured  directly  to  the  outside  pole 
plate  which  serves  as  a  mountinjr  for 
the  reproducer  and  its  elements.  The 
frequency  response  of  this  reproduc- 
intr  unit  is  shown  in  the  accomitany- 
iiiK  diagram.  It  is  essentially  flat  up 
to  almost  10.000  cps  for  most  types 
of  records.  Because  most  lateral-cut 
records  are  intended  for  acoustic  re- 
irroduction,  they  are  recorded  at  a 
slightly  higher  level  than  are  vertical- 
cut  records.  To  compensate  for  this 
difference  in  level,  the  reproducer  is 
designed  to  have  a  greater  .sensitivity 
for  vertical  records  and  thus  the  out¬ 
put  volume  is  made  approximately  the 
same  for  both. 


Guardian  engineers  have  spent  thousands  of  hours  planning,  engineering  and 
designing  tools,  jigs  and  fixtures  that  turn  out  more  than  7000  standard  Guardian 
contral  parts  . . .  making  it  possible  to  assemble  and  deliver  innumerable  varie¬ 
ties  of  Controls  by  Guardian,  with  overnite  shipments  to  every  industrial  center. 
Yaur  blue  print  or  sketch  will  bring  cost-free  engineering  suggestions. 

Initial  Your  Letterhead  for  Free  Catalog  "E"  Today.  Write 

GUARDIAN  1^  ELECTRIC 

1625  WEST  WALNUT  STREET  CHICAGO,  ILLINOIS 


HKOADCASTING'S 

TV^KNTIKTH 

ANMVKRSARY 


You  are  assured  of  a  constant  source  of  wire  that  always  meets  or 
exceeds  your  specifications  when  it  comes  from  the  Winsted  Division  of 
Hudson  Wire  Co.  Continual  checking  and  testing  from  the  raw  material 
stage  through  the  exacting  control  processes  guarantee  the  perfect  uni¬ 
formity  you  need.  And  with  Hudson  Wire's  new  coating  method  that  adds 
great  dielectric  strength  you  are  certain  of  getting  the  finest  enameled  wire 
available. 

Our  engineering  and  design  facilities  are 

at  your  disposal — details  and  quotations  on  \ 

^  request.  X  A 


Three  of  America's  leading  radio 
engineers  at  the  celebration  of  the 
twentieth  anniversary  of  broadcast¬ 
ing,  in  honor  of  Dr.  Frank  Conrad 
(center)  Westinghouse  engineer  who 
is  credited  with  initiating  the  first 
successful  broadcasting  in  the 
United  States.  Also  shown  are  O. 
B.  Hanson,  NBC  vice-president  in 
charge  of  engineering  and  Jack 
R.  Poppele,  chief  engineer  of  WOR 
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XlAROSlA- 


hifrh  amplitication  factors,  low  plate 
resistances  and  the  abilty  to  handle 
large  plate  currents.  This  inevitably 
results  in  a  compromise.  The  most 
satisfactory  tubes  for  the  experimen¬ 
tal  work  proved  to  be  high-mu  power 
pentodes  in  triode  connection.  Type 
123rs  were  used  as  pulse  generators 
and  multivibrators  and  type  CFfiG’s 
as  amplifiers. 

O.scillograms  of  waves  produced  by 
the  different  systems  are  shown  in 
the  diagram.  The  wave  of  A  was  ob¬ 
tained  at  200  kc  with  the  overloaded 
amplifier.  The  characteristic  sloping 
sides  of  a  chopped-off  sine  wave  are 
shown.  The  wave  of  B  was  obtained 
at  200  kc  with  the  circuit  of  the  second 
method.  The  wave  of  C  was  obtained 
at  200  kc  and  the  wave  of  I)  approxi¬ 
mates  a  perfect  square  wave  which 
was  obtained  at  2  kc  with  the  same 
generator  as  used  in  C.  This  wave  is 
typical  of  those  obtained  with  all  of 
the  circuits  at  low  frecpiencies. 


uses  an  overoaded  direct-coupled  de¬ 
generative  vacuum-tube  amplifier 
which  makes  use  of  the  rectification 
and  cut-off  properties  of  triode  tubes 
to  chop  off  the  peaks  of  a  large  sinu¬ 
soidal  voltage  so  as  to  leave  an  essen¬ 
tially  square  wave.  The  second  method 
uses  a  special  pulse  generator  followed 
by  a  vacuum  tube  trigger  circuit.  One 
form  of  regenerative  square  wave  gen¬ 
erator  makes  use  of  the  ultrahigh 
speed  switching  or  trigger  action  of 


Circuit  diagram  of  high-frequency 
square-wave  generator 


Universal 

Phonograph  Reprodiieer 

A  PHONOGRAPH  RKPRODUCER,  the  West¬ 
ern  Electric  Model  9A,  for  both  lateral 
and  cylinder  recording  is  de.scribed  by 
H.  A.  Henning  in  the  October,  1910 
issue  of  the  Bell  [jaboratoriett  Record. 
The  construction  is  shown  in  the  ac¬ 
companying  photograph.  The  moving 
structure  consists  of  a  key  lever  on 
the  bottom  of  which  is  a  diamond 
stylus  and  at  both  edges  of  the  cross 
arm  are  mounted  two  very  small  coils 
of  insulated  wire.  As  the  stylus  vi¬ 
brates  in  the  groove  of  a  record  these 
two  coils  move  in  a  magnetic  field. 
This  motion  is  substantially  the  same 
whether  the  coils  are  moving  vertically 
or  are  being  rotated  from  the  drive 
of  a  lateral  cut  record.  The  only  dif¬ 
ference  in  the  voltage  induced  in  the 


the  Puckle  type  of  direct-coupled  multi- 
ibrator.  This  type  of  square  wave 
generator  is  essentially  temperamental. 
Adjustment  of  the  input  and  feed¬ 
back  condensers  and  of  the  bias  re¬ 
sistor  is  critical.  The  main  attraction 
of  the  circuit  lies  in  the  relative  sim¬ 
plicity  and  in  the  fact  that  when 
properly  adjusted  it  represents  a 
counting  circuit  capable  of  corres¬ 
ponding  to  well  over  half  a  million 
positive  pulses  a  second. 

The  third  method  is  a  combination 
of  the  first  two  and  produces  w’aves 
which  are  squarer  than  those  pro- 


.To  save  yourseli  much  time,  eiisrt,  uncer¬ 
tainty.  when  it  comes  to  the  controls  and 
resistors  for  that  radio  or  electron'c  as¬ 
sembly,  simply  specily  CLAROSTAT.  Here's 
why  .  .  . 


The  RIGHT  Product 


.Two  decades  of  specialization  are  behind 
Clarostat  controls,  resistors,  resistance  de¬ 
vices.  Constant  improvements  and  refine¬ 
ments  make  these  components  as  good  as 
they  can  be  made  today.  We  invite  you  to 
make  any  comparative  tests  you  wish  be 
tween  Clarostat  and  corresponding  items 
of  other  mokes.  You  are  the  sole  fudge, 
and  we  rest  our  case. 


The  RIGHT  Data 


Along  with  the  right  product  goes  the  right 
^  data.  We  invite  you  to  make  full  use  of 
our  vast  application-engineering  experience 
and  skill.  We  work  with  many  designers 
and  builders.  Our  accumulation  of  data  is 
simply  tremendous.  Surely  such  insurance 
covering  satisfactory  results,  is  not  to  be 
overlooked  by  you. 


Samples  of  oscillograms  obtained 
with  three  different  types  of 
square-wave  generator.  A,  B  and 
C  are  at  200  kc  and  D  is  at  2  kc 


CONSULT  US 


•Let  us  have  your  control  and  resistance 
problems.  Our  engineers  will  gladly  collab¬ 
orate.  Specifications,  samples,  quotations, 
cheerfully  submitted  to  responsible  parties 
writing  on  their  business  letterhead. 


duced  by  the  individual  systems.  It 
consists  of  a  balanced  trigger  circuit 
type  of  square-wave  generator  fol¬ 
lowed  by  a  balanced  degenerative 
overloaded  amplifier.  Slight  modifica¬ 
tion  Jn  the  trigger  circuit  results  in  a 
generator  which  is  more  stable  and  less 
critical  than  the  circuit  of  method  two. 
The  maximum  squareness  that  can  be 
expected  from  a  square-wave  generator 
at  a  given  frequency  is  largely  a  mat¬ 
ter  of  circuit  constants.  The  vacuum 
tubes  used  in  these  circuits  should  have 


Mechanical  layout  of  universal 
phonograph  reproducer.  Both  ver¬ 
tical  and  lateral  cut  records  can 
be  played  by  throwing  a  switch 

coil  is  a  reversal  in  phase.  If  the  coils 
are  connected  in  series  aiding  the 
voltages  in  the  two  coils  will  add  for 
vertical  motion  and  cancel  for  rotary 
motion  (lateral  track  records).  When 
connected  series  opposing,  the  voltages 
will  add  for  rotary  motion  and  cancel 
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T  lU  t.inkerinc.  Dopartment  of  the 
Ra  anufaeturers  Association  is 

now  .  hinjr  a  technical  bulletin  to 
replac  RMA  Evynteer  previously 

puhlishi  'ch  bulletin  is  to  contain 

an  article  .  some  enjrineerinir  subject 
of  interest  to  the  Association’s  mem¬ 
bers.  Bulletin  No.  1  contains  “The  De¬ 
cibel  Scale,”  by  S.  V'.  Derry  which  is 
an  explanation  of  the  now  almost  uni¬ 
versally  u.sed  scale  in  acoustic  and 
communication  entrineerinK  and  allied 
arts.  Bulletin  No.  2  contains  “Recent 
Improvements  in  Fre<iuency  Modula¬ 
tion  Receiver  Desi^rn,”  by  ,1.  .4.  Wor¬ 
cester.  Jr.  This  article  discus.scs  cer¬ 
tain  desijrn  features  of  the  General 
Klectric  JFM-'JO  frecjnency  modulation 
translator  which  makes  use  of  a 
<louble  superheterodyne  system  and  a 
casca<le  limiter. 


•  PHOTOCELLS 


•  MERCURY  VAPOR 
RECTIFIERS 


•  ULTRA-VIOLET 
LAMPS 


•  TRU.VAC 

VACUUM  GAUGES 
(PIRANI  TYPE) 


DESIGN  AND 
DEVELOPMENT  OF 
SPECIAL  TUBES.  ETC, 


LITERATURE  AND  PRICES 
AT  YOUR  REQUEST. 


J  HKRK  IS  A  OKKINITE  and  trrowiniT 
tendency  toward  turning  on  radio  re¬ 
ceivers  only  durinir  news  proprams, 
and  playinp  phonopraph  records  for 
musical  entertainment  accordinp  to 
.M.  B.  Sleeper  in  an  article  entitled 
“Red  Lipht  Ahead”  which  appears  in 
the  December  1910  issue  of  FM.  The 
author  says  that  while  the  broad¬ 
casters  have  constantly  raised  pro¬ 
pram  standards  and  have  developed  a 
nati  iml  appreciation  of  pood  proprams 
the  radio  manufacturers  have  lowered 
their  standards  of  performance  in 
order  to  enpape  in  price  competition. 
To  counteract  this  tendency  the  public 
has  boupht  phonopraph  turntables 
either  separately  or  in  combination 
with  radio  receivers  and  are  now  pet- 
tinp  into  the  habit  of  listeninp  to  the 
records  rather  than  the  radio  pro¬ 
prams.  This  fact  is  used  as  an  arpu- 
ment  that  from  a  commercial  point  of 
view  of  the  propram  sponsor  and  of 
course,  the  broadcaster,  that  the  qual¬ 
ity  of  the  proprams  as  received  in  the 
home  should  be  vastly  improved  so 
that  the  public  will  once  more  listen  to 
them  and  to  the  advertisinp. 


CONTINENTAL 
ELECTRIC  CO. 

ILLINOIS 


GENEVA 


•  To  meet  the  ultra-critical  requiremen;« 
oi  designers  and  builders  oi  commercial- 
grade  transmitters,  television  equipment 
and  electronic  apparatus.  Aerovox  now 
oilers  the  outstanding  choice  oi  mica  ca¬ 
pacitors.  All  types — cast-aluminum  case 
(shown  above),  stack-mounting  units, 
bakelite-case  units.  molded-in-bakelite 
capacitors,  silver  mica  capacitors,  etc. 

What  were  special  mica  types  yesteryear 
now  become  standard  Aerovox  capacitors, 
ior  your  convenience  and  economy,  when 
you  are  building  equipment  which  must 
last  and  wh'ch  must  saieguard  an 
enviable  reputation. 


TWO  INSTRUMENTS 

EVERY 

LABORATORY  NEEDS 


New  Aerovox  Trans¬ 
mitting  Capacitor 
Catalog  lists  all 
heavy-duty  mica« 
paper,  oil,  and 
plug>in  electro- 
lytics. 


The  Acme  Intulotion  Breakdown  tetter  not  only  in* 
dicotei  grounds,  thortt  or  opens  but  provides  for  the 
checking  of  circuits  ot  approved  voltage  standards 
(double  the  rated  voltage  plus  1000).  Manually 
adjusted  with  secondary  voltage  rating  of  500, 1000, 
1250, 1500, 1750,  2000  and  2500  volts.  Portable  and 
designed  with  every  safety  foctor. 

The  Acme  Voltrol  (made  in  portable  and  panel 
mounting  types)  gives  complete  manual  control  over 
line  voltage  in  stepless  range  from  0  to  135  volts 
Not  a  resistance  type  regulator,  output  voltage  is 
independent  of  lood. 

Acme  also  manufactures  Luminous  Tube  Trans¬ 
formers,  Fluorescent  lamp  Bollosts.  Radio  and  Tele¬ 
vision  Transformers,  Mercury  Vapor  Lighting 
Tronsformers,  Air-Cooled  Power  Tronsformers. 


Copy  available  to 
professional  de¬ 
signers  and  build¬ 
ers  ri  commercial- 
grade  equipment 
writing  on  business 
letterheod. 


I. v  THE  ARTiciJC  “.4  Hiffh-Sen.sitivity 
Phototube  Circuit”  by  H.  S.  Bull  and 

J.  M.  Lafferty  there  wa.s  an  omission 
in  the  last  paragraph  on  page  32.  The 
first  part  of  the  paragraph  should 
read,  “This  circuit  is  particularly  use¬ 
ful  for  detectinjr  small  chanpres  in  light 
intensity.  In  ’^ig.  fi  the  results  of 
three  typicai  r.jns  are  shown.  The 
identifying  numbers  at  the  end  of 
each  curve  indicate  the  initial  value  of 
the  light  intensity  for  which  the  plate 
milliammeter  of  the  6C5  was  adjusted 
to  zero.” 


THE  ACME  ELECTRIC  &  MFC.  CO. 

31  Water  Straat  •  Cuba,  N.  Y. 


J  CORPORATION 

NEW  BEDFORD.  MASS 


EI.KCTROMCS 


A  DIRKCT-RKADINC  wavenu'tiT  of  novt‘1 
aesipn  is  described  by  Haruld  Straubol 
in  the  September  issue  of  Iloch- 

frequenz  atid  Klckt roakuntik.  A  ro¬ 
tating  condenser  in  a  tuned  circuit  is 
driven  by  a  synchronous  motor  which 
also  drives  potentiometer  controllinjr 
the  Kiid  voltajre  of  an  amplitier  tube. 
Each  time  the  tuned  circuit  is  in  res¬ 
onance  with  the  unknown  siyrnal.  a 
hiprh  frecjuency  impul.se  is  delivered 


Diagrams 


Incoming 

Signal 


Synchronous 

motor 


Circuit  diagram  of  the  direct-reading 
wavemeter 


JOHN  LUNG0&  SON, 


to  the  Kfid  of  the  amplifier  tube.  The 
plate  current  due  to  this  hinh  fre¬ 
quency  impulse  is  constant  above  a 
nominal  voltajre  of  four  volts.  How¬ 
ever,  at  the  same  time  the  t;rid  has 
impressed  upon  it  a  voltaire  varying 
according  to  the  instantaneous  position 
of  the  rotatintr  condenser  as  mentioned 
above.  This  voltatre  alone  will  not  per¬ 
mit  current  to  flow  throujrh  the  tube 
becau.se  it  is  beyond  the  cutoff  point. 
At  the  instant  of  re.sonance,  the  sum 
of  the  two  voltaKcs  on  the  jrrid  will 
cause  current  to  flow  in  an  amount  de- 
pendinir  on  the  value  of  the  variable 
voltatre.  Because  the  voltage  applied  to 
the  jrrid  is  dependent  on  the  jiosition 
of  the  condenser,  which  in  turn  de- 


liMDMd  MMufscRirsrs  of  Pofoiifod 
Tumsfilo  Anfoanat  for  FM 


CMHOEN,  N.  J. 


IE  yoii  careful 

**  about  the  selec¬ 
tion  of  screws  for  elec¬ 
trical  service,  you'll  com¬ 
pare.  And  having  com¬ 
pared  you'll  choose 
"Unbrako"  Products  for 
their  uniformity  and 
strength;  for  their  unique 
self-locking  feature;  for 
their  knurled  heads  with 
a  non-slip  grip  that  saves 
assembling  time.  Com¬ 
plete  range  of  sizes  from 
number  4  up.  Write  for 
samples  and  literature. 


REG  U.S.  PAT.  orricE 


SCREW 

PRODUCTS 


Standard  Pressed  Steel  Co 

Bex  596.  JENKINTOWN,  PENNA. 


High  Frequency  Voltage-Volts 


The  output  current  is  independent 
of  the  signal  intensity  above  4  volts 

pends  on  the  frequency  of  the  siirnal, 
the  plate  current  is  dependent  on  the 
unknown  frequency.  Therefore,  an 
ammeter  in  the  plate  circuit  can  read¬ 
ily  be  calibrated  in  terms  of  the  in- 
cominjr  signal  frequency. 

In  the  instrument  designed  by  the 
author,  the  speed  of  rotation  of  the 
condenser  was  3,000  rpm.  At  this 
speed  the  tuned  circuit  is  in  resonance 
w’ith  the  incoming  signal  100  times 
per  second,  which  is  sufficiently  rapid 
so  that  the  indication  of  meter  will  be 
constant.  To  provide  additional  meter 
damping,  a  resistor-condenser  netw'ork 
whose  impedance  is  approximately 
equal  to  the  impedance  of  the  meter 
is  placed  in  parallel  with  it. 


WAXES  •  COMPOUNDS  for 

ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS.  TRANSFORMERS.  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


Brooklyn,  N.  Y. 

FOUNDED  1  846 
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VT  Voltmeter 


(('(intinnfd  from  jxigr  -fi) 


justable  slider  contact.  Carbon  or 
metallized  resistors  are  not  sati.s- 
fact(*ry,  as  they  cause  the  meter  to 
po  off  zero  as  they  heat  up. 

The  resistor  b.-iween  the  plate  , 
supply  filter  and  the  voltaic  re^u-  | 
lator  tube  should  be  of  such  value  i 
that  the  current  thmujr'n  the  rejru-  I 
lator  tube  is  about  15  ma  at  normal  j 
line  voltage.  With  such  a  resistor  | 
in  place  a  line  voltage  change  of  ^  I 
10  per  cent  will  not  cause  a  chan^t?  ! 
in  the  meter  indication  of  more  | 
than  1.5  per  cent.  | 

The  value  of  2,000  ohms  in  the  j 
meter  circuit  is  for  use  with  a  20,-  | 
000  ohm  per  volt  voltmeter  with  its  j 
ran^'e  switch  set  at  2.5  volts.  If  a 
50-microampere  meter  were  to  be 
used  in  place  of  the  voltmeter,  a  52,- 
000  (*hm  resistance  would  be  used  in 
place  of  the  2,000  ohm  one.  If  a 
m(»re  sensitive  meter  is  used  it  will 
be  necessary  to  add  more  resistance 
at  this  point  or  to  put  a  shunt  across 
the  output.  A  five  plate  midKt*t  con- 
den.ser  was  found  to  be  most  satis¬ 
factory  for  C,. 

The  suir^estion  for  this  develop¬ 
ment  ori^rinated  throujrh  di.scu.ssion 
with  the  staff  of  KlecTRONICS.  Much 
of  the  data  neces.sary  for  its  prep¬ 
aration  was  obtained  in  the  h^LEC- 
TRONICS  laboratorv. 


AGAIN,  THK  VERSATILE 
PHOTOTl  BE 

‘  'J 


Stand  hy 

All^ 
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HEtHti 

MRCOn  ® 


The>e  accurately  calibrated,  iactory 
•et  and  adiuated  circuit  breakers 
are  used  in  many  N.B.C  Studios 
ior  the  protection  oi  vacuum  tubes. 
They  increase  tube  life,  eliminate 
the  need  ior  costly  fuses  and  re¬ 
sultant  interruption  of  broadcasts 
due  to  their  failure.  The  device  can 
be  reclosed  immediately  after  open- 
inq  ior  overload  or  short  circuit. 
Heinemann  Circuit  Breakers  are 
made  in  ratings  from  SO  milli- 
amperes  to  SO  amperes. 


HEINEMANN  CIRCUIT  BREAKER  CO. 

97  PLUM  ST.  -  -  -  -  ^RENTON,  N.  J. 


Detects  trouble 
BEFORE 

a  breakdown 

Shallcross 

Milliohmmeter 

.00001  to  .5  ohms 

Skilled  and  unskilled 
operators  alike  find  this 
rugged,  low-cost  milli¬ 
ohmmeter  easy  to  op¬ 
erate  —  accurate  — 
dependable.  The  actual 
resistance  is  read  di¬ 
rectly  from  the  scale — 
no  reference  curves  or 
charts  required.  Meas¬ 
ures  low  resistances  of 
armatures,  field  and 
transformer  coils,  fuses, 
relay  and  switch  con¬ 
tacts.  Locates  oxidized 
and  pitted  contacts, 
weak  springs,  etc.  AN 
IDEAL  PORTABLE 
BONDING  TESTER. 


Rochester 


(Continued  from  page  J7) 


about  100,000,000  radio  tubes  in 
1940.  According  to  Mr.  Wise  these 
companies  are  losing  money.  For 
this  volume  of  business  there  should 
be  room  for  at  least  twelve  com¬ 
panies,  but  instead  of  increasing 
towards  this  number,  it  is  decreas¬ 
ing,  as  two  companies  have  recently 
failed.  Mr.  Wise  offered  no  solution 
to  the  problem,  but  merely  brought 
it  to  the  attention  of  the  engineers 
of  the  industry.  He  had  one  good 
word  for  the  tube  industry,  however. 
The  number  of  new  types  introduced 
in  a  year’s  time  is  being  reduced.  In 
1938,  60  new  types  were  introduced ; 
in  1939,  a  peak  of  140  and  thus  far 

( in  1940,  40  new  types. 

! 

1  Tuning  Mechanifuna 

The  application  of  inductive  tun¬ 
ing  to  ultrahigh  frequencies  was  dis¬ 
cussed  by  B.  V.  K.  French  of  P. 
R.  Mallory  Co.  A  slide  wire  induc¬ 
tive  tuning  unit  which  had  a  tuning 
ratio  of  6.8  to  1  instead  of  the  usual 
ratio  of  3  to  1  for  capacitative  tun¬ 
ing  devices,  was  discussed,  a  further 
development  of  the  inductive  tuning 
method  introduced  by  Paul  Ware 
I  several  years  ago.  It  is  very  stable 
I  in  operation  and  highly  resistant  to 
vibration,  both  of  which  character¬ 


istics  make  it  especially  suitable  for 
aircraft  application. 

A  new  coaxial  tuning  condenser 
was  described  by  Dr.  Robinson  of 
Sprague  Specialties  Co.  It  consists 
of  two  coaxial  metal  tubes  upon  the 
inner  of  which  a  vitreous  enamel 
dielectric  is  coated.  It  is  mechani¬ 
cally  and  electrically  strong  and  is 
of  small  size,  its  dimensions  being 
i  inch  by  1  inch.  Variations  in  ca¬ 
pacity  from  5  /t/if  to  400  /i/if  are 
easily  attained.  Also,  the  Q  of  this 
condenser  is  very  high,  about  800 
for  a  thickness  of  0.04  inch  of  di¬ 
electric.  The  vitreous  enamel  dielec¬ 
tric  may  be  used  to  advantage  as  a 
substitute  for  mica  in  small  con¬ 
densers  because  of  its  uniformity 
of  characteristics  as  compared  with 
the  great  variations  in  mica  which 
is  found  in  a  natural  state.  Also,  a 
material  such  as  this  may  be  called 
upon  when  mica  is  no  longer  avail¬ 
able  because  of  the  political  situa¬ 
tion  throughout  the  world. 

L.  L.  McGrady  of  Eastman  Kodak 
Co.  presented  a  paper  on  the  dielec¬ 
tric  characteristics  of  a  new  cel¬ 
lulose  ester  sheet  plastic  which  is 
u.sed  instead  of  paper  in  small  tubu¬ 
lar  condensers.  It  is  extremely 
tough  and  puncture  resistant  which 
permits  a  higher  voltage  rating  on 
a  given  condenser.  It  also  has  low 
moisture  absorption  properties.  It 
can  be  prepared  in  sheets  as  thin 
as  0.0005  inch  and  is  available  in 
either  sheet  or  flake  form. 


TELEMOBILE  SERVICE  INALGl  RATED 


Shallcross  Mfg.  Co 

Collingdale,  Pa. 


A  specially  built  motor  coach  with  five  sound-proof  public  telephone  booths 
made  its  debut  recently  outside  of  the  Yankee  Stadium  to  supplement  regular 
telephone  service.  The  coach  can  be  connected  with  either  overhead  wires 
or  underground  cables 
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for 

DIRECT-CURRENT 

MEASUREMENTS 


*  In  addition  to  th*  w«U  known  application 
oi  th*  DuMont  Typ*  IIS  EUctronic  Switch 
at  a  switching  d*Tic*  ior  obsorrinq  two 
ind*p*nd*nt  altsrnatinqcurront  signals 
simultaneously  on  Ih*  screen  oi  a  single- 
element  cathode-ray  oscillograph,  this  in¬ 
strument  has  recently  proved  itseli  of 
great  value  in  th*  study  oi  direct-current 
signals. 


In  such  operation  it  serves  as  a  "chopper" 
oi  th*  direct-current  signal,  allowing  such 
signal  to  be  passed  through  th*  conven¬ 
tional  alternating-current  ampliiier  oi  any 
good  cathode-ray  oscillograph.  And  when 
th*  second  signal  circuit  oi  th*  Electronic 
Switch  is  kept  idle,  a  reliable  lero-axis  is 
present  lor  reierenc*  purposes.  When  em¬ 
ployed  in  this  manner,  Typ*  185  Electronic 
Switch  is  valuable  ior  th*  study  oi  all 
types  oi  small  d.c.  potentials  in  the  range 
oi  approximately  0.10  to  250  d.c.  volts.  It 
may  also  be  used  ior  modulation  studies 
oi  radio-irequency  transmitters  at  remote 
locations  by  proper  connections  to  the  diode 
detector  oi  a  conventional  radio  receiver. 


The  DuMont  Oscillographer  (Vol.  3,  Nos.  6 
— 7)  describes  this  application  oi  th* 
Typ*  185  Electronic  Switch.  li  you  do  not 
already  have  this  copy  in  your  reierenc* 
iiles,  we  shall  gladly  send  it  on  request. 


ALLEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  if  Naw  Jersey 


Cjble  Address:  Wespexlin,  N ew  Yoik 


NewS' 


♦  Frequency  Modulation  hroadca.stinjr  ^ 
was  inauirurated  Nov.  20  by  the  Gen-  j 
eral  Electric  Company  when  its  experi-  ^ 
mental  station,  \V2XOY,  located  in  the 
Helderhei  jrs,  twelve  miles  out  of  Sche-  | 
nectady,  beiran  a  reirular  schedule  of 
broadcasts  of  seven  hours  daily  .  .  .  • 
David  Sarnotf,  President  of  the  Radio 
Corp.  of  America,  announced  that  the 
research  and  production  facilities  of 
the  company  are  beintr  expanded  to 
speed  national  defense  orders  for 
radio  e<iuipnient  and  to  accommodate 
I  demands  of  increased  business.  In 
I  order  to  execute  this  expansion  pro- 
!  irrani,  arraiiKements  have  been  com- 
I  pleted  to  obtain  temporary  funds  ($15,- 
j  000,000)  from  a  uroup  of  banks  .  .  . 

'  Connecticut  Telephone  &  Electric  Corp. 

I  has  installed  a  new  20  kw  electric  fur- 
I  nace  in  its  .Meriden  plant,  heat  from 
;  which  is  used  both  for  forninjr  and 
i  for  hardeninjr  metal  at  the  same  time. 

I  The  furnace  is  provided  with  a  jras 
flame  curtain  which  completely  pre¬ 
vents  scalinjr  of  the  mairnets  and  elim- 
j  inates  the  necessity  for  any  subsequent 
1  cleaninjr  operation  .  .  .  The  War  De-  i 
^  partment  announced,  as  a  jreneral 
policy  that  those  trainees  inducted 
into  the  Army  of  the  United  States 
under  the  Selective  Service  Act,  whose 
civilian  occupations  in  certain  com¬ 
munications  companies  have  qualified 
them  as  occupational  specialists  will 
be  assi^rned  to  the  Signal  Corps  of  the 
A  rmy. 


♦  RC.\  Communications,  Inc.,  an¬ 
nounced  the  opening  for  the  first  time 
of  a  direct  radiotelegraph  circuit  be¬ 
tween  the  United  States  and  Finland. 
The  new’  circuit  operates  between  the  ' 
cities  of  New  York  and  Helsinki  .  .  .  ' 
The  appointment  of  Dr.  W.  D.  Coolidge 
and  Stuart  M.  Crocker  as  vice-presi¬ 
dents  has  been  announced  by  General 
Electric  Company.  Dr.  Coolid>re  will  ^ 

,  continue  as  director  of  the  G.  E.  Re- 
i  search  Laboratories  in  Schenectadv.  , 
Mr.  Crocker  will  now  be  located  in 
i  New  York  .  .  .  Preliminary  test 

j  operation  of  the  first  air-cooled  50  kw 
short-wave  transmitter  in  the  United 
I  States  has  started  at  WBOS,  the  West- 
\  injrhouse  international  station  at  Bos-  ; 

:  ton.  The  new  transmitter  was  ex-  i 
I  pected  to  enter  the  European  and 
South  American  service  as  of  Novem-  i 
her  30th  .  .  .  The  standard  fre¬ 
quency  station  WWV  of  the  National  ; 
Bureau  of  Standards  w’as  destroyed  i 
by  fire  last  November  6th.  A  tern-  | 
porary  transmitter  w’as  established  in  j 
;  another  buildinpr  and  is  now  operating 
a  reduced  service  .  .  .  -American  i 

radio  broadcasts  will,  as  of  January  1,1 
1941,  reach  Latin  American  listeners  ' 
over  local  stations  in  the  twenty  re¬ 
publics  south  of  the  Rio  Grande  under i 
arrangements  announced  by  NBC. 


Who  Uses  It? 


Electronic  and  Radio  Engi¬ 
neers.  Designers  of  electrical 
appliances.  Instrument  Mak¬ 
ers.  Aircraft  and  Automotive 
Specialists.  Telephone  Tech¬ 
nicians  and  others  have  found 
this  product  ideal  for  many 
applications. 

CHECK  THESE  ADVAHTAGES 

1.  Scamlea,  ALUMINUM.  COPPER  or 
BRASS  Tubing  is  forced  over  the 
wire  or  wires  in  suck  a  manner 
that  any  kind  of  a  bend  can  be 
made  and  the  ends  easily  trimmed. 

2.  Positive  protection  to  the  wire 
oqainst  Corrosion.  Abrasion, 
Acids,  Oils.  Alkalies,  Solvents,  etc. 

3.  It  is  compact,  light  in  weight  and 
neat  in  appearance. 

4.  Tubes  made  in  any  required  wall 
thickness. 

5.  Outside  diameter  oi  the  tube  can 
be  held  to  close  tolerances. 

6.  Practically  any  number  oi  wires 
can  be  shielded  by  this  method. 

7.  Armor-like  protection  gives  added 
stiffness,  yet  is  easily  bent. 

8.  Furnished  in  exact  lengths,  multi¬ 
ple  lengths  or  random  lengths. 

9.  Has  satisfactorily  withstood  the 
severest  kind  oi  tests. 

SEND  FOR  FREE  SAMPLES 

We  invite  yonr  inquiries  and  will 
gladly  forward  an  assortment  of 
samples  ior  your  inspection.  .  .  . 


PRECISION  TUBE  CO. 

Specialists  in  accurately  drawn  Seamless 
ALUMINUM,  COPPER  and  BRASS  Tubing,  in 
the  smaller  sizes. 

200  OSBORN  ST.  PHILADELPHIA.  PA. 

Please  send  samples  oi  your 
METAL  SHIELDED  WIRE  to 

Name  . 

Firm  . 

Address  . 


ID 
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THE  INDUSTRY  IN  REVIEW 


Communication  Equipment  Statistics — 1939 


IN  a  preliminary  report  of  the  1939 
Census  of  Manufacturers  entitled 
Commimication  Equipment,  embody¬ 
ing:  figures  reported  by  227  establish¬ 
ments  in  the  communication  equip¬ 
ment  industry,  the  factory  value  of 
all  products  of  the  industry  manufac¬ 
tured  last  year  is  given  as  $191,326,- 
489.  More  than  one-fourth  of  this 
total  represents  the  value  of  radio 
apparatus  amounting  to  $51,485,196. 
This  figure  is  the  sum  of  the  following 
items  in  the  report;  Miscellaneous 
parts  $45,665,666;  Radio  transformers 
for  receiving  sets,  $5,211,747;  and 
Transformers  for  transmitting  sets, 
$607,783.  The  value  given  for  radio 
transformers  is  divided  into  two  parts 
on  the  basis  of  those  plants  reporting 
both  the  value  and  number  of  such 
transformers  and  of  those  plants  re¬ 
porting  only  the  value  and  not  the 
number  of  individual  units  produced. 
In  the  first  category  there  were  re¬ 
ported  6,767,722  transformers  valued 
at  $3,279,936;  while  the  value  of  the 
radio  transformers  on  which  the  num¬ 
ber  was  not  reported  is  given  as  $1,- 
931,811. 

In  addition,  the  communication  equin- 
ment  report  covers  telephone  and  tele¬ 
graph  apparatus,  net  including  wire¬ 
less,  valued  at  $94,337,945,  audible 
signals  $4,252,460,  electric  street  traffic 
signal  apparatus  and  accessories  $1,- 
265,595,  fire  and  police  signaling  sys¬ 
tems  $1,010,865,  and  railroad  highway 
grade  crossing  signals  $1,454,244. 

In  comparison  with  1937,  the  value 
of  products  of  the  industry  last  year 
showed  a  decrease  of  15.9  per  cent,  on 
the  basis  of  a  reported  total  value  for 
1937  of  $227,523,931.  1937  production 
values  for  radio  apparatus  also  were 
slightly  higher  than  in  1939. 

The  wage  earners  primarily  engaged 
in  manufacturing  in  this  industry  in 
1939  numbered  32,119,  a  decrease  of 
21.6  per  cent,  compared  with  40,981 
reported  for  1937,  and  their  wages 
$44,444,379,  decreased  19.7  per  cent 
as  compared  with  $55,326,496,  reported 
for  1937.  These  decreases  may  be  par¬ 
tially  accounted  for  by  the  fact  that 
the  1939  Census  of  Manufacturers 
questionnaire,  for  the  first  time,  called 
for  personnel  employed  in  distribution, 
construction,  etc.,  separately  from 
manufacturing  employees  of  the  plants. 
It  is  not  known  how  many  of  the 
wage  earners  reported  for  1937  were 
engaged  in  distribution  and  construc¬ 
tion  and  how  many  were  engaged  in 
manufacturing.  Employees  of  the 
plants  reported  as  engaged  in  dis¬ 
tribution  and  construction  activities 


Table  1. —  Summary  for  the  Industry :  1939  and  1937 


(Because  they  account  for  a  negligible  portion  of  the  national  output,  plants  with 
annual  prc^uction  valued  at  less  than  $5,000  have  been  excluded  since  1919) 


'  No  data  for  employees  of  central  administrative  otliees  are  incliide<l 

*  Pro6ts  or  losses  cannot  be  calculate<l  from  the  census  fiK\ires  fa-caus*'  no  ilata  are  collect«><l  for  certain 
expense  items,  such  as  interest,  rent,  depreciation,  taxes,  insurance,  and  advertisinu 

•  The  item  for  wane  earners  is  an  averane  of  the  numbt'rs  reported  for  the  several  months  of  the  year  and 
includes  both  full-time  and  part-time  workers.  The  ijuotient  obtaim-il  by  dividiiie  the  amount  of  wages  by 
the  average  number  of  wage  earners  should  not,  therefore,  be  accepteil  as  representing  the  average  wage 
received  by  full-time  wage  earners. 

‘  Value  of  products  less  cost  of  materials,  supplies,  fuel,  purchasi'd  electric  energy,  atnl  contract  work. 


(other  than  railway);  signals  and  at¬ 
tachments  (railway)  ;  telephone  and 
telegraph  eejuipment;  and  miscellan¬ 
eous  radio  parts  except  loud  speakers 
and  microphones  which  are  a  part  of 
the  radio,  radio  tube,  and  phonograph 
industry. 


in  1939  are  not  included  in  this  pre¬ 
liminary  report  but  will  be  included  in 
the  final  report. 

This  industry,  as  constituted  for 
census  purposes,  embraces  establish¬ 
ments  primarily  engaged  in  the  manu¬ 
facture  of  electric  signaling  apparatus 


Artists  drawing  of  the  new  building  which  is  to  house  the  radio  stations  oi  The  Mil¬ 
waukee  lournal.  The  stations  are  WTM],  a  new  commercial  F-M  station  and  a 
new  experimental  television  station.  The  building  will  contain  eight  studios,  one 
of  which  will  seat  365  persons,  and  a  large  stage  for  television.  This  is  a 
part  of  a  half  million  dollar  investment  this  newspaper  is  making  in  radio 
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1939 

1937 

Percent  of 
increase  or 
decrease  ( — ) 

Number  of  establishments 

227  ' 

187  i 

21  4 

Salaried  personnel ' . 

9,305 

13,470  1 

-30  9 

Salaries  ^  * . 

'  $25,325,092 

$29,740,220 

1  -14  8 

Wage  earners  (average  for  the  year)  ’.  .  . 

1  32,119 

40,981 

1  -21  6 

Wages  *  * . 

Cost  of  materials,  supplies,  fuel,  purchased 

$44,444,379 

$55,326,496 

1  -19  7 

i 

electric  energy,  and  contract  work  * .  .  . 

;  $48,353,690 

$65,180,565 

-25  8 

Value  of  products  * . 

$191,326,489 

$227,523,931 

1  -15  9 

Value  added  by  manufacture  * . 

j  $142,972,799 

$162,343,366 

!  -119 

1 

tf  ■  f  ■ 


New  Produels. 


Vi  Tiiiirr 

\Vkltr(»nio  28:{2  Hast  (Jrand 

Blvd.,  Detroit,  Mich.,  announce  Mcxiel 
71>  timer  which  permits  control  of  spot 
welding  of  heavy  iron  and  steel  sections 
which  re<juire  a  complicate*!  secpience 
of  accurately  timed  operations.  The 
timer  is  capable  of  providintr  accurate 
timing  control  for  low  weld  current, 
hinh  weld  current,  initial  (low)  weld- 
in>;  pressure,  impact  for^rin^>:  (hijth) 
pressure,  cool  time,  hold  time,  etc.  It 
will  also  time  any  combination  of  func¬ 
tions  re«iuired  in  spot  weldin>r  heavy 
sections  within  the  scope  of  the  resis¬ 
tance  forjre  weldinjr  process.  .Model  79 
can  be  used  with  standard  or  special 
eciuipment. 


U.NiVKR.sAL  Microphone  ('o.,  Inirle- 
wood.  Cal.,  has  introduced  a  new  inno¬ 
vation  for  its  recordinj;  machines 
throujrh  the  use  of  fluorescent  lijrht 
over  the  instruments.  Besides  dressinir 
up  the  ecpiipment,  the  liirht  is  useful 
for  the  microscope  in  examining; 
nr(M)Ves.  Fluorescent  lijrhtinjr  is  avail¬ 
able  for  turntables  on  professional 
models  at  sliirht  extra  cost,  .\l.so  avail¬ 
able  as  standard  eciuipment  is  a  72  to 
150  adjustable-p*>wer,  lack  and  pinion 
micro.scope  for  Universal  professional 
recorders.  The  power  rack  and  pin¬ 
ion  microscope  has  a  field  of  seven  lines 
and  is  used  in  conjunction  with  the 
fluorescent  lifrht. 


'I'lihiilar  Klieostut 

Variable  contact  resistance  has  been 
eliminated  on  the  tubular  slide-contact 
rheostats  announced  by  Rex  Rheostat 
('o.,  37  West  20th  St.,  New  York  City. 
.As  shown  in  the  illustration  the  con¬ 
tact  brush  li  is  attache*!  to  a  flexible 
metal  cord  C,  shown  *lotted,  which 
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LEADERSHIP! 


X0 


For  dependable  performance  ^  ^ 

ALLEN -BRADLEY  chooses  WILCO 


It  just  doesn’t  pay  to  take 
chances  with  quality.  And 
Allen-Bradley,  famous  manu¬ 
facturer  of  motor  controls 
proves  it  by  using  cadmium 
silver  electrical  contacts  as 
manufactured  for  them  exclu¬ 
sively  by  Wilco! 

Pioneer  in  the  development, 
manufacture  and  sale  of  elec¬ 


trical  contacts  and  thermo¬ 
metals,  Wilco  is  the  preferred 
name  in  temperature  control 
in  any  industry  you  can 
name.  Take  full  advantage 
of  Wilco’s  experience  and  re¬ 
search  leadership  in  both  of 
these  highly  specialized  fields. 
Outline  your  particular  prob¬ 
lem  and  write  Wilco  today' 


Th«H.A.  WilsonCo.,  105  Chestnut  St.,  Newark,  N.  J.  Branches :  Detroit  &  Chicago 


WILCO 


ELECTRICAL 

CONTACTS 


PLATINUM  .  ,  .  SILVER  ,  ,  .  SPECIAL  ALLOYS  ,  ,  ,  TUNGSTEN 


Mix  with  REMLER  Silver  Tap 


ATTENUATORS- 


Enjoy  the  feel  of  self-clean¬ 
ing  pure  silver  on  silver,  ball 
bearings  front  and  rear,  pre¬ 
cision  machined  In  every  de¬ 
tail,  It's  smooth.  And  those 
are  the  factors  that  make 
the  REMLER  silver  attenu¬ 
ator  QUIET — so  quiet  you 
can  operate  It  In  a  low-level 
circuit  In  perfect  ease  and 
comfort.  Standard  Imped¬ 
ances.  Special  values  to 
order. 


REMLER  COMPANY,  Ltd.  •  19th  at  Bryant  •  SAN  FRANCISCO 


Silver  Contact  Points 


BsB  Bosrinf  Rote*  Shaft 


Ooch  Sprint  Pittail  Conaoctien 
Silver  Tipped  Contact  Arm 

Write  for  full  details. 


1' 


HEWLETT-PACKARD  CO 

Laboratory  Instrumentt 

481  Poge  Mill  Rood  •  Polo  Alto,  Colifornio 


Literature 


Timt*  Sttrinff 

irilh 

HEWLETT-PACKARD 

i.aboratwry  InMirummim 


Bobbins.  Precision  Paper  Tube  Co., 
2033  W.  Charleston  St.,  Chicago,  Ill., 
has  available  a  new  bulletin  illustrat- 
in}f  and  describing  a  line  of  dielectric 
paper  coil  bobbins  available  for  manu¬ 
facturers  of  coils,  relays,  solenoids, 
photoelectric  devices,  etc.  A  bobbin 
data  sheet  is  included. 


Selenium  Rectifiers.  International  Tele¬ 
phone  Development  Co.,  67  Broad  St., 
New  York  City,  has  available  four 
bulletins  on  selenium  rectifiers.  One 
bulletin  gives  general  information  on  1 
these  rectifiers.  The  other  bulletins  are  j 
reprints  and  are  entitled  as  follows:  j 
The  Selenium  Rectifier,  by  Dr.  Erich 
Kipphan,  Nuremberg,  Germany.  The 
Selenium  Rectifier  for  Signaling  by 
J.  E.  Yarmack  and  C.  G.  Howard,  and  , 
Rectifier  Poiver  Plant  for  Transmission  i 
Systems  by  R.  Kelly  of  London,  Eng-  j 
land.  I 

Power  Plugs  and  Sockets,  Howard  B. 
Jones,  2300  Wabansia  .\ve.,  Chicago, 
has  just  issued  a  bulletin  on  the  500 
series  power  plugs  and  sockets.  These 
plugs  and  sockets  are  designed  for  : 
5000  volts  and  25  amps,  and  are  made  i 
in  2,  4,  6,  8,  10  and  12  contacts. 

Radio  Capacitors.  The  1941  Radio  Ca¬ 
pacitor  Bulletin,  No.  185-.-\,  is  now- 
available  from  Cornell-Dubilier  Elec. 
Corp.,  South  Plainfield.  N.  J.  Com¬ 
plete  information  is  given  on  mica, 
paper,  wet  and  dry  electrolytics, 
Dykanol,  etc.,  capacitors. 

Grid  Bias  Cells.  Load  characteristics, 
illustrations,  and  descriptive  matter 
make  up  a  bulletin  on  grid  bias  cells 
for  receivers,  pre-amplifiers,  television 
apparatus,  etc.,  available  from  P.  R. 
Mallory  &  Co.,  Inc.,  Indianapolis,  Ind. 

Fluorescent  Lamp  Ballasts.  Last  month 
the  editors  mentioned  that  Chicago 
Transformer  Corp.,  (3501  Addison  St., 
Chicago),  had  issued  a  loose  leaf 
binder  which  would  be  supplemented 
with  bulletins  from  time  to  time  on 
progress  being  made  in  small  trans¬ 
former  design  and  construction.  The 
first  of  these  bulletins,  just  published, 
is  one  on  fluorescent  lamp  ballasts  for 
use  w’ith  replaceable  starting  switches. 

Ceramic  Resistors.  Bulletin  R,  avail¬ 
able*  from  Globar  Div.,  of  the  Car¬ 
borundum  Co.,  Niagara  Falls,  N.  Y., 
contains  charts  which  show  the  per 
cent  change  in  resistance  of  the  vari¬ 
ous  types  of  ceramic  resistors  available 
from  that  company.  General  informa¬ 
tion,  w-att  ratings,  resistance  range  per 
inch  of  length  and  voltage  specifica¬ 
tions  are  also  included  in  the  bulletin. 

Speaker  Data  Sheet.  Jensen  Radio 
Mfg.  Co.,  6601  S.  Laramie  Ave.,  Chi¬ 
cago,  have  just  issued  a  new  data  sheet 
(No.  199)  fully  describing  a  group  of 
new  extended-range  high  fidelity  loud¬ 
speakers.  The  new  type  “J”  dual  loud¬ 
speakers,  the  eight-inch  and  the  twelve- 
inch  single  speakers  are  also  illustrated 
and  described. 


XT  is  only  fitting  that  at  this 
season  we  give  pause  for  a 
moment  to  contemplate  the 
many  Blessings  which  are 
ours  and  to  rejoice  with  you 
that  of  all  the  places  of  the 
Earth,  we  are  fortunate 
enough  to  live  in  a  Land  of 
Peace  and  Promise. 


A  known  voltaic  and  a  known  frtqutncy 
supplii'd  at  the  commonly  used  impedance  levels. 
Frequency  stability,  low  waveform  distortion, 
complete  output  metering  and  attenuator  s>stem 
plus  many  other  outstanding  features  make  this 
instrument  an  excellent  source  of  audio  frequency 
for  any  job  in  the  laboratory  or  field.  Write 
today  for  information  about  this  and  other 
superitir  laboratory  instruments.  You  are  not 
obligated  in  any  way. 

Write  for  FREE  literature 


In  looking  ahead  to  the  New 
Year,  let  us  more  firmly  deter¬ 
mine  to  solidify  the  Partner¬ 
ship  ties  which  bind  us  to¬ 
gether  in  the  common  cause 
to  make  that  Peace  secure  and 
long  lasting. 


Aa  butinais  paper 
publitheri  for  over 
fifty  yean,  McGraw-Hill  ia  uniquely 
equipped  to  offer  complete,  authoritative 
direct  mail  coverage  of  Induatry'a  maior 
morketa.  Extreme  accuracy  ia  maintained 
(guaranteed  to  98%)  and  through  careful 
analyaia  of  marketa,  complete  claaaifica- 
tion  of  companiea  and  peraonnel,  etc.,  the 
wideat  poaaible  aelectiona  are  available. 
Send  for  handy  reference  folder,  "Hun- 
dreda  of  Thouaanda  of  Reaaona  Why" 
which  deacribea  how  McGraw-Hill  Liata 
are  built  and  maintained. 


If,  at  times  in  the  past  year, 
you  have  had  to  endure  de¬ 
lays  and  tardy  delivery  sched¬ 
ules,  it  was  because  a  more 
pressing  and  more  universal 
National  Duty  was  ours  to 
fulfill. 


The  entire  Kenyon  Organiza¬ 
tion  from  President  to  Watch¬ 
man  are  as  one  man  in  support 
of  the  great  cause  which  will 
make  this  Holiday  Season 
more  secure  and  to  insure  for 
you  and  for  us — for  all  the 
future — 

"‘Peace  on  Earth 

to  Men  of  Good  Will’" 


What  Fields  Do  You  Want  to  Roach? 

Aviation 

Bus  &  Doctric  Railways 
Civil  Enqinssrlng  end  Construction 
Administrativo  Exocutivos 


Eloctrical  Doolors  &  Wholosalors 
Mill  Supply  Housss 
Powor  Sorvicos 
Product  Enqinoorinq  &  Dosiqn 
Production  and  Maintononco 
Radio  Doalsrs  &  Wholosalors 
Radio  Enqinoorinq  &  Dosiqn 

For  furthor  dotailt,  loloctions  from 
abovo  basic  classifications,  counts, 
pricos,  otc.,  or  sstimatos  on  spocial  lists 
.  .  .  ask  any  raprosontativo  or  writs  to 


KENYON  TRANSFORMER  CO.,  Inc. 
840  BARRY  ST. 

NEW  YORK  DECEMBER  25.  1940 


Complats  Lists  Covarlng  Industry’s  Major  Marksts 
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I -ll-F  Traiismiller-Rereiver 

A  NEW  PORTABLE  U-H-F  transmitter- 
receiver  havin^r  75  caliiirated  fre¬ 
quency  channels  from  28  to  ♦iS  Me 
has  been  announced  by  the  Westin^r- 
house  Klee.  &  Mfj;.  ('o.,  K.  l’ittsbur>;h, 
I’a.  Compact  and  weinhinp:  20  lbs 
complete  with  batteries,  antenna, 
microphone,  headphones  and  key,  this 
type  HR  communicator  combines 
phone  or  continuous  wave  operation. 
It  is  suitable  for  communication  be¬ 
tween  scattered  field  groups,  as  in 
traffic,  fire,  larjre  scale  construction,  or 
rescue  control  work. 


\  crystal  frecjuency  standard  per¬ 
mits  calibration  for  accurate  adjust¬ 
ment  of  both  transmitter  and  receiver 
to  the  desired  fre«juency.  The  equip¬ 
ment  is  desijrne*!  .so  that  several  .sets 
in  a  small  area  can  operate  t»n  the 
same  channel  without  heterodyne  in¬ 
terference.  Sending  on  one  channel, 
receivintr  on  another  is  accomplished 
with  the  push-to-talk  send-receive  con¬ 
trol.  The  r-f  carrier  output  is  0.5  watt 
minimum;  average  receiver  sensitivity 
is  5  microvolts.  Power  is  obtained 
from  a  plu>r-in  type  dry  battery  >rood  ! 
for  ten  hours  continuous  operation,  or 
lontrer  on  intermittent  service.  .\ 
four  pa^re  illustrated  folder  (85  220) 
is  available. 

(Hiiirs  Law  ('.alnilator 

\  t'(>NVENiENT  Ohm’s  Law  calculator 
has  been  specially  desijrned  for  en)ri- 
neers,  .servicemen,  amateurs,  experi¬ 
menters,  teachers,  etc.  It  jrives  the 
answer  tt)  any  Ohm’s  Law  problem  1 
with  one  setting  of  the  slide.  The 
calculator  has  .seal  's  on  both  sides  .so  i 
as  to  cover  the  rar.jre  of  currents,  re- 
sistances,  wattatres  and  voltajres  com-  i 
monly  used  in  both  radio  and  com¬ 
mercial  work.  It  covers  the  low  cur-  i 
rent  hi^rh  resistance  radio,  sound  and 
electronic  applications,  as  well  as  the 
commercial  hijrher  current  ranjre  for 
motors,  jrenerators,  lamps,  electrical 
appliances,  and  other  applications.  The 
calculator  also  has  a  convenient  stock 
unit  selector,  listintr  hundreds  of  stock 
values,  immediately  available,  in  divi-  , 
dohms,  fixed  resistors  (includin^r  ^ 
Ohmite  brown  devils),  and  rheostats.  ^ 
A  settinjr  of  the  slide  shows  the  stock  i 
number  of  the  resistor  or  rheostat  : 
needed.  Simple  instructions  appear  on  j 
the  calculator.  The  Ohmite  Ohm’s  Law  ' 
calculator  can  be  obtained  for  ten  cents 
from  any  jobber  or  from  the  Ohmite 
Manufacturing  Company,  4825  Flour¬ 
noy  St.,  Chicago,  Ill. 
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MAYBE  WE  CAN  HELP  YOU!  Many  pro- 
duel  ion  problems  are  caused  by  noise  and 
vibration.  We’ve  had  long  experience  with 
noise  detection  and  control  in  aircraft,  re< 
frigerators,  automobiles,  motors  and 
many  other  products.  W’e’re  specialists  in 
practical  acoustic  methods  and  equipment 
fur  production  testing.  If  you  have  a  prob¬ 
lem  of  this  kind,  tell 
us  about  it.  Why  not 
write  us  today? 


Electrical  Research  Products  fne. 


76  Varick  Street,  New  York,  N.  Y. 

A  Subsidiary  of 

Western  Electric  Company 


50p0^4f>/OM^ 

cant  be  2., . . 


troelvc^  I 
I  Economy 


w/o/igr.'WiBiiinnn*- 

CREI  Graduates,  as  a  Group,  Are 
The  Highest  Paid  in  the  Industry! 

CREI  Provides  Advanced  Practical  Engineer¬ 
ing  Training  for  Professional  Radiomen  to 
Qualify  for  Better  Jobs  in  Every  Branch  of 
the  Industry, 

•  The  success  of  CREI  men  in  every  branch 
of  radio  should  prove  an  incentive  to  investi¬ 
gate  thoroughly  the  opportunities  that  await 
you  through  CREI  training  in  Practical  Radio 
Engineering.  We  are  not  interested  in  bring¬ 
ing  "beginners”  into  the  industry,  but  WE 
ARE  interested  in  helping  professional  radio¬ 
men  NOW  in  radio  to  advance  to  better¬ 
paying  jobs.  5.000  students  and  graduates 
prove  we  are  doing  it — surveys  show  that 
CREI  men,  as  a  group,  are  the  HIGHEST 
PAID!  Now  is  the  time  for  you  to  advance 
yourself  with  advanced  practical  training. 

DO  THIS  NOW!  If  you  are 

a  professional  radioman  and  / 

want  to  make  more  money —  j  / 

write  today  for  facts  that  /  / 

prove  you  can!  To  help  us  / 

answer  your  inquiry  intel-  # 

ligently.  please  state  briefly 

your  education,  radio  ex- 

oerience  and  present  post- 

tion. 

Free  Book  Sent 

CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

Dept.  E-12.  3224-16th  St.  N.W..  Wash.,  D.  C. 


#  Each  unit  specifi¬ 
cally  engineered  for 
your  applicafion  .  .  . 

9  Only  highesf  qual¬ 
ify  materials  used  .  .  . 

9  Rigid  tests  through¬ 
out  production  .  .  . 

9  Finished  relays  are 
twice-tested  .  ,  . 

9  Patented  features, 
precision  workman¬ 
ship,  assure  quiet 
operation  and  long 
life. 


That,  in  part,  is  why  Dunco  Relays 
spell  real  economy.  First  costs  are  not 
high,  and  they  actually  save  you  money 
in  the  long  run. 

Catalog  on  request 

STRUTHERS  DUNN,  Inc. 

1326  Cherry  St.  Philadelphia.  Pa. 


Dunco  REinvs 

Mode  right -Priced  right -Adapted  fo  your  needs 
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KELLOGG 


JWITC«30A1?P  4  SUPPLY  CO. 


A  NEW  HIGH  KREyi'ENCY  transmission 
cable  is  announced  by  Belden  Manu- 
facturinir  Company,  -IbSSt  \V.  \’an 
Buren  Street,  Chicairo.  Of  the  100  ohm 
twisted  pair  type,  this  new  cable  is 
desiirned  for  use  with  television  or  fre¬ 
quency  modulation. 

The  new  8210  cable  consists  of  18 
irauire  stranded  tinned  copper,  celanese 
braid,  rubber  covered,  color  coded, 
twisted  pair  with  fillers,  celanese  wrap, 
tinned  copper  shield,  cotton  wrap,  and 
rubber  sheath.  Outer  diameter  of  the 
cable  is  .Ib'iO  inch.  The  cable  has  the 
followinir  characteristics : 


Level  Indicator 

mm _ ^ 


^  ^  QIO  Volume 
jl*®  lev^  indicator  de 
“<*'5  ‘  sound  recoi 

rhe  program  it 

dampen*  1®  P  heavv  du^ 

„ultiplieT.«  » jHer 

uator  *{fne  and  to 

E  hew  ark, 


No.  8218  cable  is  similar  in  con¬ 
struction,  except  that  it  does  not  have 
the  outer  tinned  copper  shield.  Outer 
diameter  is  2.70  inches.  This  cable  has 
characteristics  as  follows: 


The  Determohm  resistance  box,  a 
product  of  the  Ohmite  Manufacturinir 
Co.  (48.’}, 5  b'lourruiy  St.,  Chicaito).  is 
now  available  in  two  new’  ranjres,  one 
of  1  to  0,01»1>  ohms  and  the  other  of 
10  to  OO.OIH)  ohms.  These  sizes  are  in 
addition  to  the  100  to  000.000  ranire 
box  previously  available.  The  Determ¬ 
ohm  has  a  .'i  per  cent  accuracy 
for  industrial  an<l  laboratory  uses.  One 
of  the  chief  uses  of  the  Determohm 


SUMMIT 


THE  LOGICAL  SOURCE  FOR 


l^adia  Acce44J3^Ue6. 


it  Complete  engi¬ 
neering,  laboratory, 
and  manufacturing 
facilities  available 
for  the  design  and 


■k  Manufacturers  of  Microphones  (hand  and  threat).  Headsets, 
Capacitators  and  miscellaneous  apparatus  such  as  plugs.  Jacks, 
keys,  switchboard  lamps,  lamp  jacks,  lamp  caps,  multi-conductor 
plugs  and  sockets,  insulated  wire,  cords,  cord  assemblies,  etc.,  etc. 
Head  and  chest  sets.  Control  Boxes,  Fillers  built  to  your  specifica¬ 
tions.  Let  us  solve  your  problems. 

Suppliers  to  Ail  U.  S.  Government 
"  Departments  and  Commercial  Aviation  " 

KELLOGG  SWITCHBOARD  A  SUPPLY  COMPANY 

6&I0  SOUTH  CICERO  AVENUE  •  CHICAGO,  ILLINOIS 


and  components  re 
quired  by  the  Air¬ 
craft  Industry. 


mMANeMT  MAGNBTS 


,  ALL  SHAPES  —  ALL  SIZES 

\  FOR  ALL  PURPOSES 

\  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
>  \  sten.  Cobalt  and  ALNICO**  (cast  or  sin- 
tered)  under  G.  E.  license. 

§  THOMAS  &  SKINNER 

^  STEEL  PRODUCTS  COMPANY 

Mli  E.  23rd  STREET  INDIANAPOLIS.  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 


is  in  the  determination  of  replace¬ 
ment  resistors  in  radio  sets.  It  ma\ 
also  be  used  as  a  voltmeter  multi¬ 
plier,  or  can  be  used  with  auxil¬ 
iary  apparatus  in  an  ohmmeter,  re¬ 
sistance  bridge  circuit  or  in  many 
other  applications.  The  resistance  ele¬ 
ment  is  made  up  of  wire  wound  resis¬ 
tors  which  are  connected  to  tap 
switches.  The  Determohm  may  be  con¬ 
nected  directly  in  radio  and  electrical 
circuits  w’hich  do  not  cause  the  instru¬ 
ment  to  dissipate  more  than  one  watt 
for  each  tap  in  the  circuit. 
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BETTfR  Tn 


^0^^  yc/ 7“f;^ 


•  I  he  coiiihination  of  high  ten¬ 
sile  strength  that  assures  a  last¬ 
ing  hond,  and  faster,  cleaner 
work  made  possible  hy  quick- 
ad  ing  flux  of  pure  water-white 
rosin,  has  given  Gardiner  Rosin- 
Core  Solders  an  outstanding 
reputation  for  eflirietH'v  and  <“con- 
tuny  on  radio  work  hy  expert 
or  amateur.  ^  et,  due  to  modern 
production  methods  and  big 
sales,  Gardiner  Solders  cost  less 
than  even  ordinary  kinds.  Made 
in  various  alloys  and  core  sizes 
.  .  .  and  in  gauges  as  small  as 
1/32  of  an  inch  ...  in  1,  5  and 
20-lh.  spools. 


^  ^arUiiwr 


4889  S.  Campbell  Avenue  Chicago,  III. 


KOR  CRF.ATF.R 

tlexihility . . . 


^^Bruno 
connectors 


CO-AXIAI  OPERATION 

For  hi-frequency  transmission 
lines,  for  aircraft,  mob.le 
stationary  instailat.orjs.  Lock 
nut  type— gas  and  f'ecfncal 
connections  made  simultane¬ 
ously.  Available 

Mies  to  accommodate  /g  . 

'A", 

Several  fypes  and  models 
for  special  applications. 

Write  for  Bulletin  "C 


MANUFACTURING  CORPORATION 

30  WEST  15th  STREET  NEW  YORK.  N.Y.| 


A  new  1,51  inch  hijrh  fidelity  loud-  | 
speaker  mechanism,  available  either  ^ 
separately  or  with  wall  housimr  or  con¬ 
sole  cabinet,  has  also  been  announced. 
Desijrnated  as  model  M  1-1)237,  it  is  de- 
sifjned  for  music  rooms,  audition  , 
studios,  school  auditoriums,  etc.  It  i 
handles  1,5  watts  of  power  and  is  suit-  j 
able  for  reproducinij  phonograph  re¬ 
cordings  or  other  sound  under  condi¬ 
tions  of  hiirh  noise  level.  The  voice  coil 
(impedance  S  ohms)  is  dust  proof.  i 

.A  console  cabinet  (model  MI-fi222)  ^ 
desitrned  for  the  new  mechanism  has  a 
built-in  acoustic  phase  inverter  cir¬ 
cuit  to  extend  low  frequency  response.  ; 
The  cabinet  stamls  28  inches  hiph,  24 
inches  wide  and  14  inches  deep. 

The  wall  housing  for  the  new  speaker 
is  of  heavy  veneer,  finished  in  umlx*r 
Kiey  or  in  a  neutral  color.  It  measures 
28  inches  hijrh,  19  inches  wide  and  13 
inches  deep.  It  is  desifjnated  as  Model 
M  1-622,3. 

The  new’  baffle  (MI-6224)  is  cut  to 
mount  four  RCA  i  .  n  inch  “accordion 
edjre”  loudspeal.cis  (MI-6234)  in 
either  the  con.sole  cabinet  or  the  wall 
housing  mentioned  above.  Four  match- 
ini;  transformers  are  supplied  w’ith  and 
mounted  on  the  baffle. 


Thk  sekij:s  9,54,  combination  dynamic ! 
mutual  conductance  type  tube  tester 
and  thirty-.seven  ran>re  super-sensitive 
ac-dc  multi-rantrc  set  tester  is  a  com¬ 
plete  service  lalxiratory,  in  one  compact 
unit,  available  from  Precision  Appa¬ 
ratus  Co.,  647  Kent  .Ave.,  Brooklyn, 
N.  It  provides  accurate  and  reliable 
tube  tests  and  solves  measurement 
problems  arising  from  a-m  and  f-m 
broadcasts,  television,  industrial  ami 
laboratory  practice.  It  is  rated  at  20,- 


TYPE  174 

COMPRESSED  GAS 
CONDENSER 

...because  it  has  a  proven  rec¬ 
ord  of  reliability  in  transmitters 
everywhere  beginning  with  the 
first  installation  at  station  KDKA 
over  10  years  ago.  Write  for  data. 


HEINTZ> 


’KAUFMAN 


SOUTH  SAN  FRANCISCO  \  ITI.  /  CAl»OtNIA  U  S  i 


000  ohms  per  volt  includini;  ranges  of  ; 
6,000  volts  ac  or  dc;  60  ma;  12  amps  | 
and  60  megohms.  The  precision  tester  ' 
is  available  in  four  models,  complete  ! 
with  batteries  and  extra  high  voltage  ! 
test  leads.  Model  954  MCP  is  an  open 
type  portable  tester  in  a  metal  case; 
954C  is  a  counter  type  instrument  in  a 
metal  cabinet;  954  PM  comes  in  a 
standard  panel  for  rack  mounting;  and 
the  954P  is  available  in  a  walnut  fin¬ 
ish,  hardwood,  portable  type  carrying 
case  with  removable  cover  and  tool 
compartment.  Literature  is  available 
from  Precision  Apparatus. 


NEW  TERMINALS 

lUiih  ID  ide  Range  UiitiJtju^ 


No.  140  SERIES 


"r.”  will,’  ami 
I.’!  ;!2'  hinli 
2  to  21  ter¬ 
minals. 

r.-40  X  3/Ifi' 
screws. 


IV»'  wide  I 
hiKh. 

2  to  20  ter¬ 
minals. 

6-32  X  •*' 
screw.s. 


1  "/Hi'  wide  X 
'S,’  hiith. 

2  to  17  ter¬ 
minals. 

.'i-;!2  X  s.'k;’ 

screws. 


Made  in  three  sizes  as  shown  above.  Har¬ 
rier  strips  not  only  make  a  long  leakage 
path,  put  prevent  direct  shorts  from  frayed 
wires  at  terminals.  Molded  bakelite  insu¬ 
lation. 

Terminals,  Terminal  I’anels.  Plugs,  and 
Sockets  made  to  your  specifications. 

Write  for  prices 
and  samples. 


HOWARD  B.  JONES 

2300  WABANSIA  AVENUE, 
CHICAGO  •  -  ILLINOIS 
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Test  Iiistriimeiit 

Industrial  Instruments,  Inc.,  155 
Culver  Ave.,  Jersey  City,  N.  J.,  an¬ 
nounce  a  new  model  of  the  type  RC 
conductivity  bridge.  Model  RC-IB  is 
similar  in  all  respects  to  the  earlier 
models  except  that  it  is  equipped  with 
a  vacuum  tube  oscillator  to  supply  the 
bridge  source  at  1000  cps.  Completely 
self-contained,  it  operates  from  100  to 
135  volts  on  a  50  00  cps  line.  A  com¬ 
panion  model  is  also  available  for  220 
volts  25  cps  lines.  The  RC-IB  is  a 
ireneral  purpose  bridfre  for  electrolyte 
conductivity  measurement  from  2  ohms 
to  2  megohms.  Used  for  determinin>; 
concentration  of  electrolytic  titrations, 
testinf!:  distilled  water  and  other 
liquids,  it  has  particularly  useful  ap¬ 
plication  in  chemical  laboratories, 
plants  and  institutions.  This  model 
lists  at  $75.00  without  test  cell.  Con¬ 
ductivity  cells  list  at  $7.00  to  $30.00. 


NEW  BOOKS  ON 
RADIO  and  TELEVISION 


Getting  your 

RADIO  OPERATOR  S  LICENSE 


made  easier 


famous  ImmiL  for  tho^e  preparing  In  take  ra<iio 
operator  liren’^e  exam»,  giving  4|ue->lionH  on 

radio  roinniiiniralion — theory,  apparat  ii«  rirruilv, 
laH«  and  regtilaliunn,  etc.-  -logelher  with  full,  ror* 
reel  aiiovter"  for  review  and  -tludy.  Help*  lieginner 
and  experienced  operator  teeking  advancement  to 
check  their  training  and  knowledge  and  to  focui  on 
key  points  of  theory  ond  practice  as  covered  in 
<>os  eminent  license  exams.  >ow  fully  revised  in 
accordance  with  new  (government  procedure  and 
re4|uirements  for  exam».  NiUon  and  llornung*a 
KAIMO  (M*KK\TI\4;  FSTlO>S  AMI  ANSWKKS. 
7lh  edition.  413  pages,  87  illustrations.  12.30. 


with  a  sound  technical  background 


This  book  covers  the  radio  held  from  the  very 
lieginning  no  previous  knowledge  of  radio  or 
electricity  is  neceosarv  —  and  gises  vou  a  complete 
basic  understanding  of  radio  receivers  and  trans. 
mitters  including  the  ability  to  construct  and  te-l 
the  various  types,  and  a  knowledge  of  the  principles 
that  make  each  part  work  and  how  they  work  to¬ 
gether.  Has  close  likeness  to  per^^onal  instruction, 
combining  instructions,  construction,  experiment*,  and 
explanation  of  results  at  eserv  step.  ^at*oii.  ^  elch 
and  Fby's  rMHKSTAIIHMr  KAIMH.  MIL  pages. 
10b  illustration*.  $2.80. 


Fasteners  for  Plasties 

.\  NEW  “Speed  Clip”  manufactured 
BY  Tinnerman  Product.*^,  Inc.,  Cleve¬ 
land,  Ohio,  presents  an  entirely  new 
method  of  fasteninj;  for  plastics.  This 
clip  was  originally  designed  by  the 
Tinnerman  company  to  fasten  the 
plastic  dial  bezels  and  loud  speaker 
bezels  to  Philco  radio  cabinets.  Made 
of  high  carbon  spring  steel,  the  clip 
is  so  formed  that  when  it  is  pressed 
over  a  rib,  the  four  sharp  points  bite 
into  the  sides  of  the  rib  to  hold  se¬ 
curely  in  place.  The  long  retaining 
arm  of  the  clip  is  to  hold  an  accom¬ 
panying  object  firmly  under  spring 
tension. 


The  NEW  854 

SUPER  SENSITIVE  TESTEB 


Esyeciellv  dcsifMN  te  mcI  the  cnicliRii  leeuiienieals 
•i  UbeialerT.  ladnstriol.  Televiuon  end  Radie. 

20,000  OHMS  PER  VOLT  D.C. 

1,000  OHMS  PER  VOLT  A.C. 

9  SEVEN  D.C.  voltage  ranges  to  6.000  VOLTS  9 
SEVEN  A.C.  voltage  ranges  to  6.000  VOLTS9SEVEN 
D.C.  current  ranges  0.60  MICROAMPERES  to  0-12 
AMPERES  9  THREE  resistance  ranges  to  60  MEG¬ 
OHMS  (selt.contained  batteriesl9SIX  decibel  ranges 
from  — 12  to  4*70  DB  9  SEVEN  output  ranges  to 
6,000  VOLTS  9  4'."  wide-icced.  SO  microampere 
meter  9  1*.  wire-wound  bobbins  and  matched 

metallised  multipliers.  2*.  D.C.  and  3°.  A.C.  overall 
accuracy. 

SERIES  8S4P  (illustrated)  with  batteries  and  high  volt 

oge  test  leads.  Net  Price  *39.95 


Bringing  you  an 

INSIDE  PICTURE  of  TELEVISION 


This  iinu*iij|  manual  *hnws  you  (he  results  < 
mo*l  .American  experien'-e  wiih  lelevihion  t 
ilx  set-up  ami  melhiiils  of  opera!  ion  -  tli*cu« 
many  eon*iderations  of  pulling  programs  on  tl 
explain*  ils  problems,  economical,  technical, 
everything  that  will  give  tho*e  in  the  radio,  I 
advertising  and  entertainment  fiehls  the  most 
(ative  and  practical  basis  for  consideration  < 
many  question!  relating  to  television.  l.ohr*i 
VISION  BKOADCASTINi;.  Eoreword  by 
Sarnoff.  274  pages,  illustrated.  $3.00. 


New’  RCA  Proiluels 

A  NEWI.Y-DESIGNED  15-WATT  portable 
PA  system  for  sound  reenforcement 
applications  for  indoor  audiences  up  to 
2000  persons,  has  been  announced  by 
the  Commercial  Division  of  RCA  Mfg. 
Co.,  Camden,  N.  J.  Designated  as  type 
PG-180,  it  is  priced  at  15  per  cent  less 
than  the  12-watt  system  it  replaces  in 
the  RCA  line.  The  basic  unit  is  the 
latest  RCA  amplifier  MI-12202.  The 
two  loudspeakers  are  lOi  inch  per¬ 
manent  field  types,  and  the  microphone 
is  a  Junior  Velocity  type  mounted  on  a 
table  stand.  Two  separate  input  cir¬ 
cuits  with  individual  volume  controls 
are  provided  for  high  impedance  in¬ 
puts.  Longer  and  improved  cables  are 
included.  The  unit  packs  into  one  case 
21  inches  high,  163  inches  wide  and 
11  inches  deep,  and  weighs  43  lbs. 


A  tharough  groundwark  In 

TUBE  AND  CIRCUIT  DESI6N 


Meet!  the  need  for  m  tingle  volume  to  a«»emble 
and  coordinate  preteni  knowledge  of  theory  and 
application  of  electron  (uhe*  for  u*e  in  applying 
electron  tube*  to  the  toliilion  of  new  problem*. 
While  ('lai!  C  amplifiration  and  detign  of  radio 
tran»mitter»  and  receiver!,  adei]ua(ely  treated  eUe- 
where,  are  not  taken  up,  (he  ha«;c  principle*  pre¬ 
sented  are  applicable  to  radio  engineering  problem*, 
and  to  industrial  electronic*,  power  control,  electrical 
measurement!,  and  other  use*.  Heich*!  THK(IK\ 

AM)  AFIM  ICATIrtNS  OK  KI.KCTKON  Tl  HF.S. 
f»70  pages,  312  illustrations.  |3.0t». 


ughaTieiierator 


It  il^a'usarfosied.  eiticieat  lakardury  iaitnaeal. 
Uaasaal  aad  tctaracT  auike  th*  Strits  E-200 

aa  bmlaaMt  aii  ia  hoRactiaa  AliBaaKat.  Testiif,  aad 
Traabl*  Sboaliag. 

9  Deigned  ior  lasting,  uninisrrupisd  Mrvic*.  the 
Series  £-200  is  a  rugged  A.C.  operated  SIGNAL 
G^ERATOR  9  Large  easy  reading  6"  deeply 
etched,  engine-turned  dial  with  O-IOOO  point  reier 
ence  vernier  '  9  Decfron<oupled  oscillator  circuit 
with  variable  400  cycle  modulation  (0100°.}  accom¬ 
plished  in  the  buliercunpUiier  9  Direct  reading 
accuracy  guaranteed  within  1°.  on  all  6  bonds  9 
Fully  licensed  by  A.  T.  &  T. 

PRECISION  Sariee  E-2(X)  (illustrated)  in  heavy  gauge 
steel  cabinet  and  14  gouge  etched  aluminum  ponei. 
Complete  with  coaxial  output  cable. 

Net  Price  .  *35.95 


ee.eeeee.  Moif  thls  COUpOII  ••••••■■ 

McGRAW-HILL  BOOK  CO..  Inc. 

330  Weit  42nd  Street.  New  York 

Soml  me  the  Itooks  eherkeil  Ih'Iuu  for  in  ilsys" 
examination  on  approval  In  10  ilayx  1  will  pay 
for  the  lxH)ks.  plus  few  cents  postane.  or  return 
tliem  postpaid,  (We  pay  postage  on  orders  ao- 
ronipanied  by  remittance.) 

□  Nllson  and  lIornnnK  Radio  Operating  Ques- 

tions  and  Answers,  $2.50 

□  Watson.  Welch  anil  Kby — Understanding 

Radio.  $2.80 

□  I/)hr— Television  Broadcasting.  $3.00 

□  Reich— Theory  and  Applications  of  Electron 

Tubes,  $5.00 

Name . 

Address  . 

City  and  State  . . 

Position  .  . 

Company  . L  12-40 

(liisiks  .sent  on  approval  in  U.  S.  and  Canada 
only. ) 


Write  ior  the  new  "PRECISION"  1941  Catalog 
describing  more  than  40  test  equipment  models. 


PRECISION  APPARATUS  COMPANY 

647  Kent  Avenue  Brooklyn,  N.  Y. 

Export  Div,:  438  Broadway,  New  York,  U.  S.  A. 
Cables:  .Morhanex 
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Eleelro-Seiisilive 
Recording  Paper 

Teledeltos,  a  dry,  electro-sensitive  re¬ 
cording  paper  which  makes  practicable 
facsimile  telegraphy,  is  now  available 
for  public  use,  the  Western  Union  Tele¬ 
graph  Company  (60  Hudson  St.,  New 
York  City)  announces.  Teledeltos  pa¬ 
per  requires  no  developing,  processing 
or  fixing,  and  records  made  upon  it  are 
instantly  available.  It  is  an  electrically 
conducting  sheet  of  paper  coated  with 
material  which  shows  permanent 
changes  of  color  at  any  point  where 
an  electric  current  passes  through  the 
sheet.  The  current  is  applied  to  the 
coated  side  of  the  paper  through  a 
metal  stylus  and  the  circuit  is  com¬ 
pleted  to  a  metal  cylinder  back  of  the 
paper.  Neither  the  coating  of  the  pa¬ 
per  nor  the  record  is  affected  by  light 
or  atmospheric  conditions. 


LLIED  ....  CIRCLE 
SENSITIVE  RELAY 


The  Circle  line  oi  relay*  is  a  new  addition 
to  the  qrowinq  line  oi  Allied  quality  relays. 

Ruqqed,  precision  made,  assembled  on 
moulded  Bakelite  base — has  many  me¬ 
chanical  and  electrical  features  that  assure 
long  life  under  the  most  severe  operating 
conditions. 

Suitoble  for  thermal  regulators,  elec¬ 
tronic  devices,  ultra  sensitive  control 
circuits;  in  low  current  supervised  circuits 
such  as  burglar  and  lire  alarms,  voltage 
control  circuits,  keying,  tuning  devices,  etc. 

Operating  characteristics — ior  A.C. — as 
low  as  on*  mill  at  110  volts,  60  cycles 
with  a  50%  drop  out  value:  ior  D.C.— 
as  low  as  .012  watts  with  S0°o  drop  out 
value. 

Dimensions — over-all  21*"  wide;  IV*" 
long;  IVs"  high. 

Also  monuiacturers  oi  a  complete  line 
of  relays  ior  all  communication  and  elec¬ 
tronic  uses. 

Writ*  for  complete  descriptive  literature 
and  prices. 

ALLIED  CONTROL  CO..  INC. 

227  FULTON  STREET  NEW  YORK  CITY 

Export  Dcpaiimont: 

Pan  Mar  Corp.,  1270  Broadway,  New  York  City 


A  NEW  Precision  Crystal 

Secondary 

FREQUENCY  STANDARD 

THAT  HAS  BEEN 
"Designed  for  Applicafion" 

A  precision  fretiuency  standard  capable  of  being 
adjusted  to  WWV  or  some  other  primary  standard 
and  putting  out  uniformly  accurate  calibrating 
signals  with  10,  100.  1000  KC  interrals.  Uses  the 
new  GENERAL  ELECTRIC  No.  18A  1000  KC 
crystal  having  a  frequency  temperature  coeflioient 
of  less  than  one  cycle  /Mc/C°.  The  crystal  is 
sealed  in  Helium  in  a  standard  metal  tube  enve¬ 
lope. 

The  self-contained  AC  power  supply  has  VItl50-30 
voltage  regulator  tube. 

In  addition  to  oscillator,  multivibrators,  and 
harmonic  amplifier,  a  built-in  mixer  with  phone 
lack  and  gain  control  on  panel  is  incorix>rated. 


Diathermy 


{Continued  from  page  ItO) 


PROFESSIONAL 

SERVICES 


(Ratti  on  Application) 


ELECTRICAL  TESTING 
LABORATORIES 

Characteristics 
of  Vacuum  Tiilves 

Tests  of  photo  cells,  glow  lamps,  crater  lamps, 
Tests  of  electronics  and  optical  devices 
East  End  Avenue  and  79th  Street 
.New  York.  N.  Y 
I’hone:  Buttertleld  8-J800 


HAROLD  j.  McCreary 

Mem.  A.I.E.E.  A  W.S.E. 

Consulting  Engineur 

Laboratory  Facllitl  is 
Research  Klectronlcs 

Development  Tele.Lslon 

Design  Radio 

Factory  Practice  Railroad  Signaling 

Patent  Studies  Tele.ihony 

105  W.  Adams  St.  Phone  STata  4i)03  Chicato.  It 


^  If  your  needs  call  for 

stable  voltage  at  all  times  you  can  depend  on 
SOLA  CONSTANT  VOLTAGE  TRANSFORMERS 

to  deliver  for  you,  even  though  the  incoming 
line  voltage  varies  as  much  as  thirty  percent. 
Practical,  economical,  trouble-free — they  can  re¬ 
place  non-regulating  transformers  or  perform  as 
auxiliaries  to  equipment  now  in  use. 


.  JOSEPH  RAZEK,  PH.D. 

Consulting  Physicist 

Electrical  and  Mechanical  Engineering  Problems 
Instruments  and  Control  Devices  Electronics 

Specialist  in  Colorimetry,  Spectrophotometry  and 
Inilu-strial  Color  Control 
Laboratory  and  Shop  Facilities 
430  Greenview  Laine  Llanercli,  l*n. 


N*\  Write  for  Catalog 

\  DCV— 22 


.  F.  H.  SHEPARD.  JR. 

CONSULTING  ENGINEER 
ELECTRONIC  APPLICATIONS 
Specializing  In : 

Industrial  Control  Special  Amplifler  Design 

Follow-Up  Devices  Photoelectric  Applications 
Radio  and  Carrier  Operated  Remote  Control 

6167  Cedar  Ave.,  Merchantville,  N.  J. 
Telephone  Merchantville  1111 
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is  the  work  of  on  electronic  equipped  industry 


•  TIk*  \  illage  Smithy  uas  a  mighty  man.  hut  he's  definitely 
<»utdated  in  this  era  nf  lightning  enmjuests. 

When  produetion  for  defense  is  needed  today  a  highly 
efficient,  coordinated  group  of  industries  swings  into  full 
sj)eed.  All  the  materials  st)  vital  for  Adequate  National  Pre¬ 
paredness  must  he  made  (juickly,  efficiently  and  with  no  sac¬ 
rifice  of  (juality.  Raw  materials,  machine  tools,  manpower  — 
all  these  are  necessary,  hut  not  enough.  Human  beings  are 
not  able  physically  or  mentally  to  contnd,  coordinate  or 
inspect  high  speed  or  complicated  processing  and  manufac¬ 
turing. 

Another  element  must  he  injected.  This  is  the  extraor¬ 
dinary  little  “master-mind"  of  industry  and  communications, 
the  electron  tube.  As  applied  in  industry  for  automatic 
contntls  and  testing  ecjuipment  it  makes  practical  the  mass 
production  of  all  the  necessities  of  a  nation  girding  itself 
with  arms  and  material. 


F  or  automatic  machinery  in  the  machine  tool,  armament, 
textile,  shipbuilding,  aircraft,  and  practically  every  other 
industry— for  <juick.  accurate  testing  on  production  lines 
and  in  laboratories- for  various  uses  in  chemical  mining 
and  refining,  in  the  petroleum  industry,  and  naturally  in  the 
manufacture  of  electrical  equipment— here  the  electron  tube 
in  one  or  many  hundreds  of  its  industrial  applications  fur¬ 
thers  the  productive  ({uality,  quantity,  and  skill  of  our  nation. 

The  electronic  industry  has  always  been  ahead  of  its 
day,  pioneering  in  research  and  in  the  development  of  its 
own  manufacturing  facilities.  Fortunately,  too,  as  our  na¬ 
tion  strives  for  adequate  preparedness  with  increasing  de¬ 
mands  on  all  industries.  The  manufacturers  of  electronic 
equipment  are  well  prepared  to  meet  any  demand. 

Far-sighted  research  and  organization  have  made  the 
electronic  industry  pre/wired  for  preparedness, 

-In  Inxtitutiitnal  Message  frtttn  ELECT RO!\ ICS,  the  aut/ntritalire  voice  of  the  Electnmic  and  Allied  Industries, 
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Console  for  the  small  station  trans¬ 
mitter  house.  Karl  Travis . July  *36 
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Cathode-ray  alphabet  machine.  A.  W. 
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Cathode-ray  frequency  modulation 

Kenerator.  It.  K.  Shelby . Feb.  *14 

Improved  cathode  ray  oscilloscope 

design.  W.  A.  tleohagen . Nov.  *36 

Tube  used  as  aircraft  Instrument 
indicator . Mar.  *36 
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Air  cooling  applied  to  external-anode 

tubes.  E.  M.  Ostiund . June  *36 

Hlgh-sensItlvIty  photosurface.  Olover 

&  Janes . Aug.  *26 
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X-ray  tubes — design  and  application. 
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( 'hronoscoiie,  to  test  the  velocity  of 

rifle  bullets.  ( ’.  I.  Hradford  .  .  .  No\  .  *2S 
Decade  of  electronics  1930  1940  .  A4>r.  17 

Electron  microscope  develiqied  at 

Camilen  . May  *38 

Electronic  How  meter.  J.  M.  Wein¬ 
berger  . Ian  *30 

Electronic  method  for  determining 
distribution  curves.  K  A.  Ware.  .Oct.  *36 
Electronic  switch  for  fluore.scent 

lamps.  K.  F.  Mays . May  *14 

Feedback  wehliiiK  timer.  J.  Kurtz 

.Vpr.  *47 

High  sensitivity  phototube  circuit. 

Mull  A  Eafferty . Nov.  *31 

Indicating  system  for  high  voltage 
jiower  p:i>  ks.  K.  D.  Hildebrand 

Oct.  *3s 

Eight  regulator.  Ifritton  Chance .. Feb.  *24 
Negative  feedbai  k  aiiplled  to  oscil¬ 
lators  Samuel  .SabarofT . May  *22 

(ilieration  of  a  self-excited  inverter. 

F.  N.  Tomi>kins . Sejd.  *36 

Phase  Inverter  circuits.  MeProud  >V 

Wildermulh  . Oct  *5() 

(.juartz  .  .  .  from  raw  stock  to  finished 

crystal  (picture  feature) . Nov.  *26 

Remote  control  of  a  model  boat.  W. 

P.  West . .\ug.  *19 

Pimple  iiulse  generating  circuits. 

.sashoff  A  Roberts . .Sept.  *40 

Tiibi's  and  toothpaste.  Craig  Walsh 

Oct.  *16 

IVater  level  Indicator.  I..  A.  Ware 
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KleefniiiicH: 

Decade  of  electronics  193o  1940.  Apr.  17 
Federal  Communications  Commi.sslon 
di  fense  activities  . Nov.  *16 

Freiiiieney  Modiiliifhiii: 

Cathode-iay  frequency  modulation 
generator.  K  E.  Shelby . Feb.  *14 


Design  and  performance  of  frequency 
modulation  receivers.  Marvin  Hobbs 

Aug.  *22 

Federal  Communications  Commission 
holds  frequency  modulation  hear¬ 
ing  . Apr.  *14 

Frequency  modulation  applied  to  a 
television  system.  ('.  W.  Carnahan 

Feb.  *26 

Interspersed  frequency  modulation 
and  amplitude  modulation  in  a 
television  signal.  .\.  V.  Isiughren 

Feb.  *27 

Modulation  limits  in  frequency  modu¬ 
lation.  Black  A  Pcott . Sept.  *30 

Narrow  band  %s  wide  band  in  fre¬ 
quency  modulation  reception.  M.  L. 

IjCVy  . .Tune  *26 

Review  of  frequency  modulation  .  .  Jan.  10 
State-wide  f-m  police  network.  D  E. 

Noble  Id  1  Nov.  *18.  pt  2 . Dec.  *2S 

Tests  of  frequency  modulation  for  air¬ 
craft  communication.  I.  R.  Weir 

Nov.  *34 

Transmitting  antenna  is  Iced  at 

Alpine.  N.  J . May  *19 

WOR's  f-m  station  (on  the  air  105 
hours  per  week) . Sept.  *17 

High  Frequeney: 

High  frequency  broadcast  chart  (Ref. 


Sheets)  . Dec.  41 

Short  wave  Inductance  chart.  F.  C. 
Everett  . Mar.  *33 

Institute  of  Radio  Engineers: 

Program  for  convention . Tune  *25 

Program  of  Fourth  Pacific  Coast 

convention  . Aug.  29 

Report  of  meeting . July  *17 

Rochester  meeting  report . Dec.  *24 


Program  of  Rochester  fall  meeting 

Oct.  35 


l-oudsiieukers: 

Acoustic  line  loudspeakers.  W.  D. 

Phelps  . Mar.  *30 

Coaxial  loudspeaker.  Benjamin  Olney 

Apr.  *32 

27-in.  loudspeaker  at  N.  Y.  World's 

Fair.  R.  T.  Bozak . June  *22 

Vented  speaker  enclosure.  C.  E. 
Hoekstra  . Mar.  *34 


.Measurements: 

Amiilifier  for  d-c  galvanometers. 

A.  W.  Sear . Jan.  *28 

Audio-frequency  voltmeter.  H.  C. 

lakel  . Dec.  *32 

Band-operative  oscillator.  Alan  Bloch 

July  *36 

Differential  modulation  meter.  V.  V. 

Cunsolley  . Jan.  *ls 

Dosemeter — dia  therm  measurements. 

Kraus  &  Teed . Dec.  *39 

Electronic  flow  meter.  J.  M.  Wein¬ 
berger  . Jan.  *30 

Electronic  method  for  determining 
distribution  curves.  L.  A.  Ware 

Oct.  *36 

I>igarithmlc  electronic  voltmeter. 

P.  J.  Selgin . Nov.  *40 
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testing.  Jack  (^uinn . May  *23 

Radio-frequency  (lOwer  measurement. 

P.  M.  Honnell . Jan.  *21 

Stroboscope  circuit.  C.  C.  Street.. Apr.  *36 
Testing  ceramic  capacitors.  E.  T. 

Sherwood  . Sept.  *26 

Tuning  fork  stabilization.  Ernst 

Norrman  . Jan.  *15 

Vacuum  tube  voltmeter  for  coaxial 
line  measurements.  G.  E.  Usselman 

July  *32 

Visual  alignment  gener.ator.  H.  F. 

Mayer  . Apr.  *39 

Voltage  control  with  non-linear 

Wheatstone  bridge.  Walther  Richter 

June  *20 


Music: 

-Artificial  reverberation  for  electronic 

organ  music  . Mar.  *42 

Beli  Eaboratories  demonstrates  en¬ 
hanced  stereophonic  recordings.  .May  *30 
Electronic  reed  organ.  F.  D.  Merrill, 

Jr . Apr.  *42 


Networks: 

Forty  commonly  used  pads.  Aaron 
Shelton  (Ref.  Sheets) . Apr.  *53 


Patents: 

How  to  write  and  understand  patents. 

T.  R.  Goldsborough . Feb.  *10 


Phonographs: 

Embossing  at  constant  groove  speed — 
a  new  recording  technique.  E.  E. 


Griffin  . July  *26 

Photoelectric  tape  recording . May  *16 

Physics: 

Facts  about  atomic  power . July  *12 


Radio: 

Frequency  assignments  for  the  opera¬ 
tion  of  radio  (chart) . Sept. 

Highway  radio  on  George  Washington 

bridge  . Sept.  *32 

State-wide  f-m  police  network.  D.  E. 
Noble  pt  1  Nov.  *18,  pt  2 . Dec.  *28 
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with  respect  to  Rt  in  the  same  way 
for  both  patient  and  calorimeter. 
This  apears  to  be  justified,  since 
good  agreement  was  obtained  in  cali¬ 
brating  the  machine  with  a  wide 
variety  of  calorimeters.  Some  w’ere 
of  the  liquid  filled  type,  the  temper¬ 
ature  rise  per  minute  being  ob¬ 
served,  while  others  were  of  the 
lamp  or  resistance  type.  One  cali¬ 
bration  applies  only  to  one  fre¬ 
quency  or  small  range  of  frequen¬ 
cies.  For  different  frequencies,  other 
calibrations  are  required. 

Procedure 

In  using  the  dosemeter-diatherm, 
the  procedure  is  as  follows:  With 
the  machine  off,  the  applicators  are 
adjusted  to  the  patient.  The  geome¬ 
try  of  the  applicators  with  respect 
to  the  patient  is  made  so  that  the 
electric  field  will  be  strongest  in 
the  anatomical  regions  where  the 
greatest  heating  is  desired. 

The  applicators  are  moved  aw'ay 
to  remove  the  patient  from  the  field. 
On  this  machine,  the  bracket  sup¬ 
porting  the  entire  dosemeter  and 
applicators  swings  on  a  swivel  and 
can  be  easily  and  quickly  swung 
away  from  the  patient,  and  at  the 


same  time  the  applicator  positions 
with  respect  to  each  other  remain 
fixed.  This  is  an  important  consid¬ 
eration  in  facilitating  the  power 
measurement  since  the  patient  is 
not  required  to  alter  his  position. 

The  machine  is  then  turned  on 
and  the  patient  circuit  resonated. 
The  sensitivity  of  the  dose-rate 
meter  is  adjusted  until  the  pointer 
gives  a  designated  deflection.  This 
is  “0”  on  the  scale  marked  “cali¬ 
brate”  as  shown  in  Fig.  2.  The  ap¬ 
plicators  are  then  swung  back  in 
position  on  the  patient  and  the  cir¬ 
cuit  again  resonated.  The  new  read¬ 
ing  on  the  “calibrate”  scale  is  ob¬ 
served  and  the  meter  sensitivity 
control  is  set  to  this  value.  This 
control  is  graduated  in  arbitrary 
units  which  correspond  to  those  on 
the  “calibrate”  scale  on  the  meter. 

The  lower  scale  on  the  meter  then 
reads  the  dose-rate  directly  in  watts 
or  calories  per  minute.  This  dose- 
rate  can  be  adjusted  to  any  desired 
value  at  any  time  during  the  treat¬ 
ment  by  changing  the  plate  voltage 
control.  Usually  this  is  carried  out 
at  reduced  plate  voltage,  after  which 
the  voltage  is  increased  to  give  the 
desired  dose-rate. 


The  dosemeter-diatherm  has  proven 
to  be  a  very  effective  and  thoroughly 
practical  instrument.  The  dose-rate 
can  be  measured  very  quickly.  An 
overall  absolute  accuracy  of  10  per 
cent  can  be  readily  obtained.  This 
is  adequate  for  present  applications 
and  compares  very  favorably  with 
the  accuracies  in  x-ray  therapy. 

By  specifying  dose-rate,  dose, 
wavelength,  and  applicator  size  and 
positions,  a  complete  description  of 
the  treatment  conditions  is  possible. 
On  the  basis  of  such  information, 
significant  comparisons  with  other 
workers  can  be  made  and  the  appli¬ 
cation  of  diathermy  becomes  a  more 
e.xact  techniciue. 

The  authors  greatly  appreciate  the 
helpful  suggestions  received  from 
Dr.  Robert  M.  Whitmer  of  the  De¬ 
partment  of  Physics  of  Purdue 
University. 

*  K.  1’.  t'uml>*‘rliulch.  ‘‘IMiithpriny",  3ril 
pilitioii,  |>.  ‘AX2. 

-  K.  .1.  MittPlnianti,  “l>(isinit‘lrv  in  sliort- 
wnve  tliprnpv".  Arch,  of  l‘hfi».  Thcnifm,  Vol 
IS.  p. 

Mittpiniaiin  and  Kol>ak.  ‘•Posaup  nipasnrp- 
nipiit  in  sliort  wavp  diatlipnn.v  Arch,  of 
Thcruuu,  Vnl.  1!*.  I'.riS.  p 

k.  .1,  MittPitnaiin,  "I  »<>siinptr.v  in  sliort- 
wavp  tliprapv",  KlcctronicH.  Vol.  I'J.  Nov. 
1  !•:{!».  p. 

’.I.  i>.  Kraus,  “t'liaraptpristips  of  .VntPiinas 
With  Clospl.v-Spappcl  KlpniPiits”.  ftiiilio.  No. 
2.'!t>.  KpIi.  r.iSh.  p.  !t  ;  anil  “.Vntpnna  .\rrays 
With  t 'lospIv  Spappil  Klpinpiits",  I’roc.  /.  A'.  A'.. 
Vol.  2S.  Kp'h.  litih.  p  71! 
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Specialists  in  Equipment  for  the  manufacture  of 
Neon  Tubes,  Radio  Tubes.  Incandescent  Lamps. 
Photo  Cells,  X-ray  Tubes,  etc. 

900  DeMott  St.,  North  Bergen,  N.  J. 
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ELECTRONIC  TUBE  EQUIPMENT 

Complete  line  of  used  equipment  for  the  manufac¬ 
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E.  E.  and  Ph.  D.  degrees.  15  years  experience 
in  radio  and  industrial  electronics.  Special 
experience  in  development  of  testing  equip¬ 
ments  and  measuring  devices.  Numerous 
scientific  publications.  PW-259.  Electronics. 
520  N.  Michigan  Ave.,  Chicago,  III. 
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Government  contract  work  write  Riddell, 
300  B-st.,  S.E.,  W’ashington,  D.C. 


I  (POSITIONS  V.\r.\NT> 

I  THE  NATIONAL  RESEARI  FI  (  <)l  N(  II. 
:  OE  ('.\N.\0.\  InvitcM  appliciitloiis  from 
i  Itritloli  MibJectH  for  poMitioiis  in  the 
I  Radio  lAili<>riit<iry,  Division  of  Pli.VKicH  iind 
I  Electrical  Engineering,  for 


I  ENGINEERS 

i  ((iiullficutionH  —  graduation  in  honours 
i  Physics.  Engineering  Pliy.sics  or  Electri- 
1  cal  Engineering  from  a  recognized  uni- 
I  versify.  Post-ilradu.ate  training  and  ex- 
I  perience  in  Radio  <lesiral»le.  Experience 
I  in  the  design  and  oper.atlon  of  radio- 
i  frequency  equipment.  Experience  in  trans- 
I  mitter  design  and  construction.  Mathe- 
1  matical  ability  in  the  theoretical  type  of 
I  calculations  arising  from  Ra<lio  work. 


II  RADIO  TECHNICIANS 
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R«ceiver8: 

Artificial  ear  for  receiver  testing. 

Stuart  Ballantlne  . June  *34 

Frequency  modulation  receivers — 
design  and  performance.  Marvin 

Hobbs  . Aug.  *22 

Narrow  band  vs  wide  band  in  fre¬ 
quency  modulation  reception.  M.  L.. 

Levy  . June  •2t) 

Panoramic  reception . June  *14 


Record  ing: 

High  fidelity  recording  amplifier. 

I.  J.  Abend . Oct.  *44 

Recent  improvements  in  recording. 

C.  J.  Lebel . Sept.  ’SS 


Rectifiers: 

Full  wave  rectifier  analysis.  C.  M. 
Wallis  . Mar.  *19 


Reference  Sheets: 


Capacitor  discharge  chart.  Louis 

Hanopol  . June  *41 

Directional  antenna  chart.  W.  S. 

Duttera  . Feb.  33 


Filter  design  charts.  John  Borst 
pt  1  Aug.  *35;  pt  2  Oct.  *39;  pt  3 

Nov.  *41 

Forty  commonly  used  pads.  Aaron 

Shelton  . Apr.  *.53 

High  frequency  broadcast  chart.. Dec.  41 
Short  wave  inductance  chart.  E.  C. 

Everett  . Mar.  *33 

Shunt  peaking  compensation.  W.  H. 

Freeman  . Jan.  *35 

Square  wave  harmonics.  D.  L.  Herr 

May  *34 


Relays: 

Electronic  relay  tester.  S.  Bagno 


Sept.  *44 

For  electronic  circuits . Aug  *13 

Magnetic  relays.  A.  B.  Lamb.... Dec.  *35 


Telephony,  narrow-band  carrier.  J.  A. 

Csepely  . Mar.  *14 


Television: 

British  vision  receivers.  W.  J.  Brown 

Mar.  *26 

Business  side  of  television.  N.  E. 

Kersta  . Mar.  *10 

Color  television  demonstrated  by  CBS 

engineers  . t>ct.  *32 

DuMont  proposals . Feb.  *22 

Federal  Communications  Commission 

and  television . May  *11 

Frequency  modulation  applied  to  a 
television  system.  C.  W.  Carnahan 

Feb.  *26 

Interspersed  frequency  modulation 
and  amplitude  modulation  in  a 
television  signal.  A.  V.  Loughren 

Feb.  *27 

National  Television  Systems  Com- 

inittee  organizes . Aug.  *34 

Picture  signal  generator.  Wilder  & 
Brustman  pt  1  Apr.  *25:  pt  2  May 
•26;  pt  3  June  *30;  pt  4  July  *28; 

_  ,  pt  5  Aug.  *30 

Pre-selector  circuit  for  television  re¬ 


ceivers.  B.  F.  Tyson . Nov.  *23 

Receivers  for  television  using  electro¬ 
static  deflection.  T.  T.  Goldsmith. 

„  Jr . June  *16 

Shunt-peaking  compensation.  W.  H. 

Freeman  (Ref.  Sheets) . Jan.  *35 

Square  wave  harmonics.  D.  L.  Herr 

(Ref.  Sheets) . May  *34 

Television  changeover  . Oct.  *24 

Television  technique  adopted  in  pho¬ 
tographing  sun's  corona . Feb.  *34 


Timer : 

Chronoscope,  to  test  the  velocity  of 
rifle  bullets.  C.  I.  Bradford ...  Nov.  *28 


gAGNO,  S.  Electronic  relay  tester.  .  Sept.  *44 

Hallantine,  Stuart.  Receiver  testing  with 

an  "artificial  ear" . June  *34 

Barcus,  L.  M.  Bass  compensation  by 

screen-grid  injection . June  *44 

Beall,  John.  Double-fed  antenna  in  police 

service  . July  •46 

Bissmlre,  H.  T.  &  T.  .1.  Rehflsch.  Calibra¬ 
tion  circuit  for  audio  oscillators 
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Black,  L.  J.  &  H.  J.  Scott.  Modulation 
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Bloch,  Alan.  Band-operative  oscillator 

July  *36 

Borst,  John.  Filter  design  charts  pt  1 
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Rr.adford.  C.  I.  Chronoscope . Nov.  •28 
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polarization  . Oct.  ^20 


Brown.  W.  J.  British  vision  receivers 

.Mar.  ^26 
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Bull.  H.  S.  &  J.  M.  Lafferty.  High 
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^ ARNAH.\N,  C.  W.  Frequency  modula- 
tion  applied  to  a  television  sys¬ 
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pitEEMAN,  WILIJAM  H  Shunt-peak 
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machine  . June  •lO 


("JEOHAGEN.  WILLIAM  A.  An  improved 

c-r  oscilloscope  design . Nov.  ^36 

Glover.  A.  M,  At  R.  B.  James.  New  hlgh- 

sensltivity  photosurface . Aug.  *26 

Goldman,  Stanford.  Dipoles  and  reflectors 

May  ^20 

Goldshorough,  Thad  R.  Patents — how  to 

write  and  understand  them.. Feb  •lO 
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INDUSTRY  ORGANIZES 

For  National  Defense 


ALERT  to  what  is  happening  in  Europe,  the  American 
people  are  sening  out  to  strengthen  their  defenses 
against  aggression  from  any  quarter.  Already  the  govern¬ 
ment  has  laid  down  an  initial  program  to  that  end. 

The  surest  defense  against  aggression  is  the  ability  to 
resist  it.  If  we  are  known  to  be  well  prepared  we  may 
avert  attack.  If  we  cannot  avert  it  we  shall  be  armed  against 
it.  But  preparedness  against  war  means  preparedness  to 
wage  war. 

And  modem  war  is  an  industry.  Like  every  other  indus¬ 
try,  it  is  a  matter  of  men,  materials  and  machines.  Fighting 
men  must  be  skilled  workers,  trained  to  use  an  arsenal  of 
special  tools  and  equipment  that  are  just  as  diversified  and 
just  as  essential  to  success  as  those  of  any  other  industry. 

The  plant,  supplies  and  personnel  of  war  must  rival  in 
efficiency  those  of  any  peacetime  industry.  For  the  stakes  of 
success  or  failure  in  war  are  not  paid  in  money  profits  or 
losses:  they  are  paid  in  the  lives  and  property  of  the  people, 
in  the  security  —  perhaps  the  survival  —  of  a  nation. 

*  •  • 

Sound  national  defense  calls  first  for  a  comprehensive 
program,  carefully  planned  to  back  up  a  clear-cut  policy  as 
to  what  we  expea  to  defend.  Next  comes  the  appropriation 
of  funds  to  realize  that  program.  These  first  steps  are  viul: 
they  are  up  to  government. 

Then  program  and  appropriations  must  be  translated  into 
performance.  Native  raw  materials  must  be  produced,  pro¬ 
cessed  and  stored.  Our  meager  supplies  of  strategic  materials 
of  foreign  origin  must  be  built  up  until  we  have  accumu¬ 
lated  ample  stockpiles  against  the  use  and  wastage  of  aaive 
war.  And  most  urgent,  because  it  is  most  complicated,  raw 
materials  must  be  manufactured  into  the  innumerable  items 
required  to  equip  the  modern  army. 

We  of  McGraw-Hill,  living  with  American  industry  as 
we  do,  are  keenly  aware  of  the  e£Fort  that  will  be  required 
to  produce  the  nuterials  and  equipment  now  needed  to 
modernize  our  national  armament. 


Tanks  and  anti-tank  guns,  airplanes  and  anti-airaaft 
guns,  machine  guns  and  automatic  rifies,  trucks  and  traaors, 
destroyers  and  supply  ships  —  these  are  but  a  few  items 
from  the  endless  inventory  of  military  and  naval  equipment 
that  we  must  produce  by  scores,  hut  dreds  and  thousands, 
even  to  arm  an  Initial  Proteaive  Force,  behind  which  we 
might  rally  our  lutional  resources  for  decisive  effort. 

Obviously  the  army  and  navy  must  count  on  American 
industry  for  an  ample  and  continuous  supply  of  this  equip¬ 
ment,  and  industry  must  organize  to  produce  it  in  vast 
quantities.  This  means  the  construaion  and  adaptation  of 
manufacturing,  transp>ortation  and  storage  facilities,  the  or¬ 
ganization  of  compjetent  executive  and  technical  staffs,  the 
training  of  skilled  aaftsmen  in  numbers  adequate  to  main¬ 
tain  exaaing  produaion  schedules.  All  this,  in  itself,  is  an 
industrial  organization  problem  of  the  first  magnitude,  but 
upon  it  is  imposed  still  another  and  vital  specification  — 
sustained  speed. 

For  time  is  the  all-essential  ingredient  of  modern  war.  It 
cannot  be  bought  with  any  appropriation,  however  great; 
once  lost,  it  cannot  be  recaptured;  we  must  make  effeaive 
use  of  it  while  we  still  have  it.  And  at  this  juncture  we  have 
none  to  waste  in  fumbling,  jockeying  or  experiment. 

«  «  « 

Two  courses  are  open  to  carry  out  such  a  program. 

1.  We  might  adopt  the  totalitarian  plan  of  nationalizing 
industry,  consaipting  the  wealth  and  labor  of  all,  and  sup¬ 
pressing  the  normal  incentives  and  management  of  industry 
in  favor  of  the  authority  and  control  of  government  ofiEcials. 

2.  Or  we  can  stick  to  the  American  way  of  achieving 
natioiul  unity  and  efficiency  by  intelligent  cooperation  be¬ 
tween  industry,  labor  and  government. 

There  are  those  to  whom  the  first  will  appeal  as  being 
the  more  direa.  But  I  am  convinced  that  most  Americans 
will  insist  that  the  job  be  done  in  the  American  way.  And  in 
this  preference  the  President,  speaking  for  government,  al¬ 
ready  has  indicated  his  concurrence. 
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CHALLENGE  TO  INDUSTRY’S  PATRIOTISM 

Calls  for  Plain  Speaking 


IT  is  a  pity  that  the  greatest  national  defense  effort 
in  American  history  had  to  he  made  during  a  presi¬ 
dential  election  campaign.  For  a  modern  defense  effort 
involves  an  intensely  practical  industrial  project,  while 
an  election  campaign  involves  an  intensely  emotional 
political  propaganda.  And  those  two  don’t  mix. 

That,  as  I  sec  it,  is  the  chief  rca.son  for  the  welter  of 
claims  and  denials,  charges  and  counter-charges  that 
have  Isccn  getting  in  the  way  of  contracts  for  planes, 
tanks,  guns  and  all  the  rest  of  the  armament  for  which 
the  American  people  are  so  nervously  peering  down  the 
road. 

We  are  told  that  the  managers  of  industry,  smarting 
and  suspicious  under  the  repeated  attacks  of  government 
officials  for  some  years  back,  have  been  reluctant  to  assume 
the  abnormal  risks  of  defense  contracts  without  commensur¬ 
ate  .safeguards,  and  that  the  politicians  who  must  authorize 
those  safeguards  have  lx*en  reluctant  to  do  anything  that 
might  be  construed  as  letting  down  the  bars  for  unscru¬ 
pulous  busine.ss  men  to  exploit  the  national  emergency.  For 
the  one,  the  business  risks  of  full  speed  ahead  have  been 
too  great;  for  the  other,  the  political  risks  of  full  speed 
ahead  have  been  too  great.  So  we  don't  go  full  speed 
ahead. 

This  is  not  written  to  increase  that  clamor  of  re¬ 
crimination  on  either  side.  On  the  contrary,  it  is  an 
appeal  for  some  decent  and  thoughtful  consideration  on 
the  part  of  all  concerned — consideration  for  the  urgent 
needs  of  the  nation,  for  the  problems  and  responsibilities 
of  both  the  politicians  and  the  indu.strialists,  for  the 
elementary  principles  of  prudent  business  management, 
and  for  the  good  opinion  of  the  man  on  the  street.  He 
is  neither  a  politician  nor  an  industrial  executive.  But 
his  hide  and  his  penketbook  are  at  stake  in  the  national 
defense  program — and  he  knows  it.  He  has  a  right  to  the 
low-down  on  what  is  going  on.  And  if  he  is  left  in 
ignorance  or  deliberately  deceived,  for  the  sake  of  either 
political  or  business  whoopee,  the  payoff  will  be  mighty 
poisonous  political  medicine  for  the  politicians  and 
equally  poi.sonous  business  medicine  for  the  business  men 
who  may  be  responsible. 

*  ♦  ♦ 

The  plain  stark  fact,  to  be  faced  squarely  by  us  all,  is 
that  the  national  defense  program  is  an  emergency 
project — a  desperately  urgent  emergency  project. 

As  in  every  emergency  that  confronts  a  democracy,  we 
are  harassed  by  a  confusion  of  counsel.  As  always,  some 
of  the  confusion  arises  from  honest  but  conflicting  judg¬ 


ments,  some  of  it  from  ignorance  or  muddy  thinking. 
But,  unhappily,  much  of  it  reflects  the  deliberate  purpose 
of  self-seekers  to  fish  in  troubled  waters — to  capitalize  the 
conjunction  of  a  national  emergency  and  a  political 
campaign  to  boost  their  own  interests.  Already  the  charge 
that  American  business  men  are  unpatriotic  and  interested 
only  in  profit  has  been  put  out  as  a  smokescreen  to  cover 
up  deficiencies  for  which  business  men  are  in  no  way 
responsible. 

Now  the  man  on  the  street  finds  it  hard  to  see  through 
this  maze  of  excited  contradiction.  Not  because  he  isn’t 
smart— the  average  American  can  think  straight  enough 
when  /'?  has  the  facts.  But  in  this  case  the  facts  are 
obscure  and  complicated — they  have  to  do  with  matters 
that  are  strange  to  him.  And  to  make  it  worse,  at  the 
height  of  his  confusion,  raucous  voices  constantly  assail 
his  ear  with  "simple”  explanations  of  it  all.  But,  as  so 
often  happens,  most  of  these  "simple”  explanations  make 
the  matter  a  lot  simpler  than  it  really  is. 

*  *  * 

Consider,  for  example,  the  cry  that  "industry  refuses 
to  get  busy  on  national  defense  until  its  profits  are 
guaranteed”.  Very  clear  and  simple,  to  be  sure;  but  also 
very'  false.  The  charge  that  American  capital  is  "on 
.strike”  in  the  hour  of  national  need.  As  silly  as  it  is 
simple.  The  assertion  that  our  manufacturers  "w’on’t 
even  talk  with  a  government  anxious  to  place  orders  with 
them,  without  large  financial  concessions”,  and  that 
"American  corporate  industry  refuses  to  expand  its 
resources  for  defense  until  it  receives  immunity  from 
proper  taxation”.  The  resounding  demand  that  we  "con¬ 
script  wealth  as  well  as  men”- -whatever  that  may  mean. 

Particularly  political  has  been  the  attack  on  the  air¬ 
craft  industry.  It  has  been  made  to  appear  that  aircraft 
manufacturers  wer  instituting  a  sit-down  strike  because, 
in  their  greed  foi  profits,  they  demanded  more  than 
H'f.  Actually  the  8^ir  was  not  a  net  profit  at  all  and 
the  only  concern  of  the  manufacturers  was  to  fight 
against  incurring  losses  under  the  89F  limitation.  And 
army  and  navy  officers  have  sustained  the  aircraft  manu¬ 
facturers’  viewpoint. 

The  air  is  f^ull  of  explanations  which,  however  simple 
they  may  sound,  do  not  explain.  And  in  most  cases,  I 
am  convinced,  the  purpose  of  those  w'ho  offer  them  is 
not  to  explain  but  to  inflame.  Those  who  try  honestly  to 
explain  these  issues  from  either  side,  find  it  impossible  to 
do  the  job  in  such  ringing  phrases. 

As  I  have  said,  our  country  has  been  caught  short.  As 


But  effeaive  cooperation  in  so  complex  and  unfamiliar  a 
task  demands  the  utmost  of  mutual  understanding  and  con¬ 
fidence  from  all  concerned.  G)nfusion  of  purpose  and  con- 
flia  of  opinion  are  bound  to  arise  —  have,  indeed,  already 
arisen.  Needs  and  capacities  in  many  fields  must  be  recon¬ 
ciled,  relative  priorities  for  various  products  must  be  de¬ 
termined,  specific  parts  of  the  whole  program  must  be 
allocated,  supervised  and  coordinated  with  other  parts. 
Goverrunent  officials,  smarting  under  the  whip  of  urgency, 
must  render  quick  decisions  on  highly  technical  matters, 
while  industrial  executives,  masters  of  their  own  operating 
technique,  must  adapt  themselves  to  arbitrary  and  unfamiliar 
requirements. 

Under  such  conditions,  many  problems  will  arise  that 
must  be  worked  out  between  the  men  of  industry  and  those 
of  government.  Some  of  them  will  be  the  more  acute  be¬ 
cause  of  the  restriaions  imder  which  industry  has  had  to 
work  during  recent  years — restriaions  that  have  curbed  not 
only  the  expansion  of  plant  capacity,  but  also  the  develop¬ 
ment  of  improved  processes  and  the  supply  of  skilled 
workers.  Now,  from  this  sag  in  our  industrial  growth,  many 
departments  of  industry  must  undertake  an  overnight  ex¬ 
pansion  of  capacity  to  meet  the  exaaing  time  schedules  of 
national  defense.  So  industry  must  look  to  government  for 
the  cooperation  that  will  enable  it  to  expand  its  facilities 
promptly  and  yet  write  off  in  reasonable  time  its  heav}’ 
emergency  investments. 

«  *  * 

If  we  are  to  deal  wisely  with  these  situations,  and  many 
more  we  cannot  now  foresee,  everyone  engaged  in  any  part 
of  the  defense  effort  must  be  willing  and  able  at  all  times 
to  ga  a  fair  understanding  of  the  problems  of  the  others. 
To  help  maintain  such  an  understanding  McGraw-Hill  is 
peculiarly  fitted. 

1.  By  the  organized  exchange  of  views  and  information 
among  our  24  papers,  we  can  help  to  coordinate  the  think¬ 
ing  and  praaice  of  the  1,000,000  executives,  technicians 
and  operating  men  who  are  their  readers,  in  matters  that 
have  to  do  with  their  part  in  the  defense  projea. 

2.  Through  constant  contaa  with  government  agencies 
and  the  men  of  industry,  our  papers  can  interpret  to  in¬ 
dustry  the  needs  and  policies  of  government  and  to  govern¬ 
ment  the  problems  and  requirements  of  industry. 

3.  For  the  men  of  industry,  each  of  our  papers  will 
expand  its  regular  service  as  a  clearing  house  of  technical 
and  operating  data,  with  special  reference  to  the  needs  of 
plants  that  are  producing  defense  materials  and  equipment. 

To  forward  these  objectives  we  have  set  up  within  our 


company  a  National  Defense  Editorial  Board.  It  is  com¬ 
posed  of  the  chief  editors  of  our  publications  that  serve 
the  funaions  and  industries  that  are  of  key  importance  to 
the  defense  effort.  Made  up  of  men  intimately  familiar  with 
the  personnel  and  praaice  of  their  industries,  this  board 
will  stimulate  and  supervise  the  aaivities  of  McGraw-Hill 
papers  insofar  as  they  can  contribute  to  the  defense  effort. 
It  will  outline  basic  editorial  themes,  direaed  to  the  for¬ 
warding  of  that  projea,  to  be  adapted  by  each  paper  to  the 
special  needs  of  its  specific  field. 

The  board  will  keep  close  touch  with  industrial  execu¬ 
tives  and  technicians  so  as  to  keep  abreast  of  new  problems 
as  they  arise.  It  will  maintain  contaa  also  with  government 
defense  agencies  and  keep  our  editors  posted  as  to  govern¬ 
ment  objectives,  plans  and  problems.  Thus  it  will  funaion 
as  a  link  between  the  several  governmental  defense  agencies 
and  the  McGraw-Hill  editorial  organization,  and  so  help 
each  editorial  staff  to  develop  a  program  best  suited  to  the 
special  problems  of  its  industry, 

•  *  * 

In  thus  undertaking  our  part  in  an  extraordinary  indus¬ 
trial  effort,  we  shall  not  neglea  the  normal  concerns  of 
American  industry.  So  far  as  may  be  consistent  with  the 
paramount  needs  of  national  defense,  production  and  dis¬ 
tribution  of  the  goods  and  services  normally  consumed  by 
the  American  people  must  go  on.  The  effort  to  mobilize 
industry  for  the  national  defense  must  be,  in  large  measure, 
an  additional  job  and  an  added  burden. 

That  burden  is  within  the  capacity  of  the  American 
people.  But  it  will  not  be  light.  And  if  industry  is  to  carry 
successfully  its  heavy  share  of  that  burden,  it  needs  the  full 
cooperation  of  every  industrial  funaion. 

For  more  than  seventy-five  years,  through  peace  and 
war,  McGraw-Hill  publications  have  served  to  interpret  be¬ 
tween  the  various  departments  of  industry  and  between  in¬ 
dustry  and  the  American  people.  Today,  as  we  face  these  new 
problems,  there  is  a  new  and  urgent  need  for  interpretation 
between  the  industries  we  serve  and  the  government  to 
which  we  all  bear  allegiance.  It  is  fitting  that  McGraw-Hill 
should  undertake  this  effort.  To  it  I  pledge  every  resource 
of  our  organization. 


President,  McGraw-Hill  Publishing  Company,  Inc. 


This  message  is  appearing  in  all  McGraw-Hill  industrial  and  business  publications, 

reaching  over  a  million  readers. 


a  result,  there  are  many  reasons  for  the  confusion  and 
controversy.  The  plain  fact  is  that  we  can  produce  our 
war  equipment  by  only  two  means;  (1)  by  converting 
the  industries  of  peace  into  the  industries  of  war,  so 
far  as  that  is  possible;  and  (2)  by  building  from 
scratch  the  new  facilities  we  need  to  supplement  them. 
In  other  words,  we  must  create — with  desperate  haste— 
a  new  industry  in  America — an  armament  industry. 

Right  there  is  the  crux  of  the  problem  that  now  con¬ 
fronts  the  industrialist  sincerely  trying  to  equip  himself 
for  his  part  in  national  defense.  For  this  new  armament 
industry  is  not  the  ordinary  business  risk  against  which  he 
has  learned  to  weigh  the  interests  of  his  employees  and 
his  stockholders.  It  does  not  deal  with  familiar  products 
and  processes.  It  is  not  continuous — at  least  it  has  not 
been  heretofore  in  this  country — and  it  may  fold  up  as 
suddenly  as  it  has  opened.  It  cannot  hope  to  serve 
thousands  of  potential  customers:  it  has  but  one  sure 
customer — the  United  States  Government — and  wielding 
the  sovereign  power  that  customer  can  do  just  about  as  it 
pleases  with  respect  to  its  needs  and  demands.  Which 
means  that  not  even  this  one  is  a  sure  customer. 

No  more  unfair  or  deceptive  charge  ever  has  been 
leveled  against  American  industry  and  American  busi¬ 
ness  men  than  the  accusation  of  being  unwilling  to  take 
the  normal  business  risks  of  the  defense  program.  The 
risks  they  are  trying  to  minimize — they  cannot  possibly 
avoid  them  all — ^^are  very  special  and  extraordinary  risks 
indeed.  So  clearly  is  that  true,  that  I  doubt  very  much 
whether  such  questions  and  charges  ever  would  have 
risen  were  it  not  for  the  fact  we  are  engaged  in  a 
political  campaign. 

Already  some  of  industry’s  great  units  have  gone 
ahead  with  the  building  of  new  facilities,  the  purchase  of 
special  materials,  and  the  actual  production  of  armament 
in  the  face  of  all  risks,  gambling  that  their  government 
eventually  would  work  out  some  reasonable  plan  to  pro¬ 
tect  them  against  excessive  loss.  Others,  doubtless  will 
follow  suit. 

But  many  other  companies,  for  one  reason  or  another, 
are  not  in  position  to  do  that.  So  before  they  begin  to 
expand  their  facilities  to  handle  defense  contracts,  they 
have  asked  their  only  potential  customer  for  those  new 
facilities  to  gi^arantee  them — not  excessive  prices,  not 
exorbitant  profits,  not  immunity  from  taxation,  as  we  are 
being  told,  but  simply  against  the  excessive  losses  that  may 
result  from  very  extraordinary  conditions. 

*  4c  * 

As  this  is  written,  it  looks  as  though  the  legislation  and 
the  rulings  necessary  to  accomplish  this  purp>ose  soon 
will  be  forthcoming.  Thoughtful  and  responsible  officials 
of  the  government  understand  the  situation  and  w'hat  is 
needed.  But,  unfortunately,  their  understanding  and  action 
will  not  quiet  the  professional  business-baiters.  So  long  as 
those  gentlemen  have  their  own  interests  to  serve,  so  long 
as  political  excitement  makes  it  easy  to  whip  up  public 
demand  for  a  scapegoat  to  atone  for  disappointing  progress 
with  the  defense  program — just  so  long  will  the  business- 
baiters  find  a  receptive  audience  for  their  criticisms. 

All  of  which  suggests  that  business  men  must  carry 
at  this  time  a  double  responsibility,  in  addition  to  their 


obvious  obligation  to  do  the  very  best  job  they  know  how 
on  their  individual  parts  of  tlie  defense  program. 

The  first  of  the.se  added  responsibilities  is,  of  course, 
to  avoid  any  possible  basis  for  the  charge  that  industry  is 
exploiting  the  defense  program  in  behalf  of  exce.ssive 
profit,  unfair  treatment  of  labor  or  any  other  unworthy 
self-interest.  The  second  is  to  see  that  the  man  in  the 
street  knows  and  understands  all  that  I  have  tried  to  set 
down  in  the  foregoing. 

For  the  man  in  the  street  is  deeply  involved  in  all 
this.  He  is  "in  the  street"  only  to  the  political  orators. 
To  the  rest  of  us,  he  is  the  man  in  the  factory,  the  man  on 
the  truck,  and  the  man  behind  the  orders  that  industry 
fills.  In  short,  he  makes  up  this  living  American  in¬ 
dustry  on  whom  the  politician’s  charges  spatter.  As  an 
employee  he  has  a  stake  in  the  sobency,  the  security,  and 
the  reputation  of  the  very  plants  at  which  criticism  may¬ 
be  directed.  Knowing  the  tacts,  he  can  answer  the  critics 
so  far  as  his  own  plant  is  concerned  and  can  see  how  the 
.same  kinds  of  facts  apply  to  all  industry-.  If  he  is  a 
customer,  suffering  inconvenience  as  a  result  of  the 
plant’s  service  to  national  defen.se,  a  knowledge  of  the  facts 
behind  the  plant’s  problems  will  help  to  make  him  a  de¬ 
fender  rather  than  a  critic  of  responsible  business  manage¬ 
ment.  If  he  is  a  neighbor  in  the  community,  the  facts  will 
equip  him  to  be  an  interpreter  of  industry’s  problems  to 
the  people  of  the  home  town. 

*  *  * 

In  this  national  defense  effort,  business  enters  into  a 
new  partnership  with  government,  but,  more  importantly, 
into  a  deeper  partnership  with  the  American  people.  It  is 
more  than  ever  essential  that  it  take  all  of  the  American 
people  into  its  confidence,  beginning  with  the  people  in 
its  plants  and  going  out  through  the  ranks  of  its 
customers  and  its  community  neighbors  to  show  them 
that  they  have  a  common  interest  in  seeing  that  the  task 
of  national  defense  is  undertaken  in  the  American  way. 

As  we  all  know,  there  are  in  this  country'  some  people 
who  would  like  nothing  better  than  to  see  American 
industry  fail  in  this  supreme  test  of  service  to  the  nation. 
They  will  watch  with  jealous  eyes  every  move  of  every- 
company  that  is  engaged  on  a  defense  job.  They  will 
disparage  its  achievements,  exaggerate  its  shortcomings, 
and  distort  its  motives.  For  they  would  like  to  make  over 
American  industry  to  their  own  pattern,  and  they’ll  never 
have  a  better  chance  to  get  started  with  it  than  has  been 
opened  up  by  the  national  emergency.  Or  so  ic  looks  to 
them. 

So,  great  as  are  the  business  hazards  of  the  defense 
program  for  the  individual  business  man,  even  greater 
hazards  are  involved  for  American  industry  as  a  whole. 
But,  knowing  the  temper  of  American  inaustrial  leader¬ 
ship  as  I  do,  I  am  confident  that  it  will  handle  its  defense 
assignment  with  credit  to  itself  and  with  great  advantage 
to  the  nation  that  it  serves — whether  in  war  or  in  peace. 

To  help  in  that  supreme  test  is  the  opportunity  and  the 
privilege  of  the  McGraw-Hill  organization. 


President,  McGraw-Hill  Publishing  Company,  Inc. 


This  message  is  appearing  in  all  McGraw-Hill  industrial  and  business  publications, 

reaching  over  a  million  readers. 


ist  year  oo . . .  mis  year  only  . 
RCA  Preferred  Type  Tubes! 


PPOnDCCC  November  1940...  One  year 
rnUUliLOO  has  passed.  Manufacturers 
have  announced  still  more  new  tube  types — and 
more,  and  more.  There  are  now  over  500  types 
on  the  market!  Does  RCA  still  say  that  you  can 
do  a  complete  job  with  only  36  types — ? 

RCA  goes  farther  even  than  that!  From  the  ex¬ 
perience  and  proof-of-performance  of  the  past 
year,  RCA  now  makes  the  still  more  sensational 
statement:  "Only  31  Preferred  Types  will  cover 
virtually  every  requirement  for  modern  radio 
receivers.”  Another  great  step! 

Increasingly,  this  Program  moves 
,.n  foruarel — to  the  betterment  of  manu- 
facturer,  distributor,  dealer,  service- 
man  and  public  alike. 

Oirr  380,000,000  RCA  RaJio  Tubes 
.  . . .  have  been  purchased  by  radio  users. 


P  Pfl  M I  Nr  November  1939...  Wilderness 
I  llUITIlOU  confusion  in  the  tube  in- 
dustry— the  unregulated  evil  of  "too  many  tube 
types."  For  the  first  time,  a  manufacturer  points 
a  way  out.  RCA  leadership  and  experience — and 
months  of  study— permit  the  announcement: 
"Just  36  Preferred  Type  Tubes  cover  virtually 
every  requirement  in  the  design  of  radio  receivers 
—for  finest  performance  at  lowest  overall  cost!" 


PERFORMANCE  ijor/monthi^the 

snort  months,  the 
RC,^  Preferred  Type  Tubes  Program  has  been 
endorsed  and  adapted  to  production  by  18  lead¬ 
ing  manufacturers  of  radio  receivers.  Results—  1 
Better,  more  uniform  tubes.  Faster  deliveries  — 
from  stock.  Lower  inventory  and  warehousing 
costs.  The  entire  industry  has  benefited ! 


18  LEADING  SET  MANUFACTURERS 
HAVE  ENDORSED  AND  ADOPTED  THIS  PROGRAMI 


★  ADMIRAL  *  ANDREA  ★  AUTOMATIC 

★  DETROLA  ★  DE  WALD  ★  EMERSON 

★  FADA  ★  FARNSWORTH  ★  GAROD 

★  GILFILLAN  ★  HALLICRAFTERS  ★  PACKARD-BELL 

★  PILOT  ★  RCA  VICTOR  ★  SENTINEL 

★  SONORA  ★  STROMBERG-CARLSON  ★  WURLITZER 
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HOW  TO  SELL  A 


. . .  ivith  a  lively 
piece  o/"LUCITE"! 


WANTED-super.^--;- 
make  thousands  of  pe^ 
conscious”.. .long hours... »o  W 


I*h<»tn|eraph  mIiohi*  toi 
ilr|irrMm»rH  ma«lf  of  nio 
**l..ui'ilr**aftrr  l»rin|(  rrtn* 
frotii  thr  dir.  Sit  of  thro 
iiuirkly  and  eroiioitiir 


TO  INCREASE  the  sales  of  Lislerine  antiseptic  the 
Lambert  Pharinacal  Company  set  alnmt  to  make 
America  "throat-conscious.”  More  "throat-cons<-ious” 
f>eopIe  would  mean  more  *'gargle-conscious”  j>eople  .  .  . 
and  more  gargling  with  Listerine! 

But  how  to  get  people  interested  in  their  own  throats? 
That  was  a  problem  .  .  .  until  someone  rememl>eret!  that 
transparent  ^Xucite”  methyl  methacrylate  resin  has  the 
ability  to  transmit  heatless  light  around  curves.  ^  hv  not 
let  people  see  their  own  throats  .  .  .  with  throat  lights 
made  of  this  versatile  plastic?  'I'hen  sell  them  in  conjum-- 
tion  with  tlie  antiseptic. 

Here  was  the  answer.  Made  of  clear  "Liicite.”  the 
throat-light  picks  up  light  from  a  concealed  hull)  in  the 
handle  and  flashes  it  clearly  and  sharply  on  throat,  teeth 
or  mouth.  Moreover,  because  "Lacite”  is  so  easy  to  mold, 
six  of  these  transparent  tongue  deprei^sors  can  be  pro¬ 
duced  quickly  and  cheaply  ...  at  one  injection  stroke! 

Now  "Lucite”  is  lighting  up  thousands  of  throats  .  .  . 
and  more  every  day.  Less  than  a  month  after  these  throat 
lights  had  been  introduced,  the  Lambert  Comr>any  had  to 
triple  the  original  production  order  for  them.  During  the 
first  2  weeks  after  announcement  to  the  trade — orders 
w  ere  booked  for  more  than  1000  tons  of  Listerine,  and 
sales  are  still  increasing! 

"Lucite”  is  just  the  thing  to  solve  premium  problems. 
It’s  strong  .  .  .  weather-resistant  .  .  .  easy-to-mold  .  .  . 
clear  . . .  light . . .  and  it  can  be  molded  in  a  whole  rain¬ 
bow  of  colors.  Specify  "Lucite”  for  your  own  pro«lucts 
. . .  and  take  advantage  of  the  Du  Pont  technical  service 
to  help  solve  your  design  or  molding  problems.  For  more 
information  about  "Lucite”  and  other  Du  Pont  plastics, 
write  to  E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Plastics 
Dept.,  Arlington,  N.  J. 
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This  Regulator  has  a  very 
simple  circuit.  There  are  no 
moving  parts,  no  tubes,  and 
no  maintenance  is  required. 

It  is  designed  for  use  on  com¬ 
mercial  A.  C.  60  cycle  power 
lines,  at  either  115  volts  or 
230  volts,  single  phase. 

It  will  deliver  output  voltage 
held  to  plus  or  minus  Vz  of  1  % 
with  a  line  variation  of  10%. 


^Ol 


^40 


4 


^^4 


CLARK  BULLETIN  40C0 
"AUTOVOLT"  LINE 
VOLTAGE  REGULATOR 


ACCURACY  •  •  • 


WAVE  FORM  •  • 


RESPONSE  •  •  • 


Plus  or  minus  Vi  of  1%  for  a  line  voltage  varialion  of  10%.  This 
accuracy  holds  for  zero  lo  100%  load  and  for  imily  or  any  lagging 
power  factor  down  to  30%. 

Total  wave  distortion  is  very  low.  Additional  harmonic  content 
caused  by  distortion  is  less  than  Vi  of  1%  of  the  fundamental. 
Effective  voltage  value  of  any  harmonic  caused  by  distortion  is 
less  than  10%  of  the  fundamental. 

For  maximum  load  changes  of  high  power  factor  complete  recov¬ 
ery  is  obtained  in  1  to  2  cycles.  For  extremely  low  power  factor 
loads,  63 ®o  of  voltage  recovery  is  obtained  in  4  cycles  and  com¬ 
plete  recovery  in  7  to  9  cycles.  For  line  voltage  changes,  63%  of 
,  the  total  recovery  is  obtained  in  9  cycles  and  complete  restoration 

in  14  lo  16  cycles. 

EFFICIENCY  •  0  Up  to  95%  (varies  with  the  size  and  loading  of  regulator.) 

Your  Inquiries  Regarding  A.  C.  Voltage  Regulation  are  Solicited 


OFFICES  IN  PRINCIPAL  CITIES 


fS  THE  CLARK  CONTROLLER  C0.(C« 


1146  EAST  152 '"’ST. 


CLEVELAND,  OHIO 
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AMERICAN  LAVA  CORPORATION 


CHATTANOOGA  •  TENNESSEE 


CHICAGO  »  CLEVELAND  .  NEW  YORK  «  ST  LOUIS  •  LOS  ANGELES  »  SAN  FRANCISCO  •  BOSTON  •  PHILADELPHIA  •  WASHINGTON,  D  C 


No  matter 

r  what  design  you  use,  ^ 
your  coil  Form  will  have 
its  optimum  electrical  and 
mechanical  characteristics 
with  AISiMag  I96.  It  meets  all 
the  requirements  of  Grade  G 
specifications  of  the  Navy 
V  71-229-D  of  the  A 
Army. 
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Continuity  of  Service 

Automatic  recloaing  overload  protection 

Instant  access  to  every  tube  (no  shielding  to  remove) 

Complete  accessibility  without  disassembly 

Only  2  tubes  to  produce  direct  FM 

Only  4  tubes  in  stabilizing  circuit 

Single  crystal  control 

Frequency  Control 

Instant-acting  electronic  (no  moving  parts;  no  over¬ 
shoot) 

Stabilization  at  output  frequency 
Temperature  control  of  crystal  only 
^1000  cycles  stability 
Voltage  regulated  power  supply 
New  G-31  crystal  unit 

Temperature  compensated  oscillator  and  discrimina¬ 
tor  circuits 


A  OR  CONTINUITY  OF  SERVICE,  G-E  design  provides  a  small  tube  com¬ 
plement,  conservatively  operated,  plus  automatic  reclosing  overload 
protection  and  quick  accessibility  to  every  part  and  tube. 

The  frequency  stability  of  G-E  transmitters  is  maintained  at  within 
10(X)  cycles  by  instant-acting  electronic  control  so  sensitive  that  even 
abnormal  line-voltage  fluctuations  or  sudden  detuning  of  the  oscillator 
tank,  can  hace  no  effect  on  center  frequency. 

The  dependability  is  equal  to  that  of  the  finest  AM  broadcast  trans¬ 
mitters.  FM  could  asl(  no  more.  G-E  design  centralizes  frequency  mod¬ 
ulation  and  stabilization  in  one  tube  (the  modulator),  wlthouc 
impeding  modulation  capabilities  or  linearity.  This  fact  is  proved  by 
performance  measurements.  No  temperature  control  is  necessary  or 
used  except  within  the  crystal  unit  itself. 

For  true  high  fidelity — frequency  response,  linearity,  freedom  from 
distortion  over  wide  carrier  excursions — G-E  transmitters  are  out¬ 
standing.  These  characteristics  —  Inherent  in  the  G-E  simplified 
circuit  —  are  assured  by  thorough  factory  adjustment  and  testing  of 
every  unit. 

For  economy,  G-E  simplicity  assures  low  tube  cost,  ease  of  maintenance, 
and  small  operating  expense.  Small  size  and  unit  construction  make 
installation  easy  and  hold  floor  space  to  the  minimum. 

G-E  simplified  circuit  design  offers  an  unbeatable  combination  of  advantages. 
Investigate  them  thoroughly.  Your  nearby  G-E  man  has  the  story.  Call  him 
in  without  delay.  General  Electric,  Schenectady,  N.  Y. 


High  Fidelity 

Frequency  response  within  db  of  RMA  standard, 
30  to  16000  cycles 

Full  dynamic  range — noise  level  down  70  db 
Linearity  within  0.25%  up  to  -^^ISO  kc  carrier  swing 
Harmonic  distortion  less  than  1|%  (30  to  7500  cycles) 
up  to  ^75  kc  carrier  swing;  less  than  2%  up  to  ±100 
kc  swing 

Cathode-ray  modulation  indicator 
Square-wave  testing  of  every  transmitter 

Economy 

Based  on  6-E  1000-watt  Transmitter,  Type  GP-101-B 
Tube  cost — only  $287 
Floor  space — only  9.3  square  feet 

Ventilation — natural  draft  (no  blower ;  quiet  operation) 
Power  consumption  only  3.75  kw 
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LAPP  GAS  FILLED  CONDENSERS  WILL  SAVE  SPACE;  SAVE  POWER,  SAVE  MONEY 


In  any  transmitting  system,  there  are  numerous  places 
where  installation  of  Lapp  gas-filled  condensers  will 
improve  transmission  efficiency  with  economy  of  space 
and  security  of  operation. 

Installations  now  in  service  include:  plate  tuning 
circuits  —  fixed  condensers  for  coil  tuning,  variable 
condensers  for  condenser  tuning;  antenna  coupling 
circuits;  tuning  circuits  for  directional  antenna  arrays; 
filter  networks — tuned  circuits  to  eliminate  harmonics. 

To  every  application  the  Lapp  condenser  brings  not¬ 
able  mechanical  and  electrical  advantages:  practically 
zero  loss,  minimum  space  requirement,  non-failing, 
puncture-proof  design,  constant  capacitance  under 
varying  temperature  conditions.  Fixed,  adjustable  and 
variable  types  in  three  voltage  ratings  and  capaci¬ 
tances,  loo  to  2000  mmf — 54  models  in  all,  price 
$■^5  to  S500.  Descriptive  literature  is  aiailahle  on 
request.  Want  to  see  it} 


LAPP 

INSULATOR  CO.,  INC. 
LEROY,N.Y.,  U.S.  A. 


UPTIGHT  FOR  BETTER  \ 
.  HNISHEOJOB 


tSfOW  DRIVING 
WITH  A 

SLOTTED  SCREW 


WHACK  nr^ 
'VflTH<A 
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. .  BUT  DRIVING  PHILLIPS^CREWS  IS  4tRAIGHT-LINE  DRIVING 
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7 ^  ^  ^  SMOOTH  OFF  THOSE  BURRS 

IW  S^D  ASSEMBLY  VlflTH  A  FILE 

TfltilAVE  THAT 

SCAR  RERNISHED  V  YOl 


►  WHOOPS! 

THE  DRIVER  JUMPED 
FROM  THE  SLOT 


/  _ _ 

If^-****^  \  ROi 

[  TOO  BAD.  % 

SCREJN  WONT  GO  \ 

ANYvfURTHER  PHIUIPS  SCREWS  SETx 


YOU  DIO  - 
GO  BACK  AND 
START  AGAIN  Dl 

V 

YOU’RE  OFF  THE  \ 

ROAD -THE  SCREW’S  \  ^ 
CROOKED 

K 


DRIVE  FASU- WITH. 
HAND  ^DYINd 
THE  WORK^ 


PILOT  HOLf 
FO^j'onED  SCREW 

Tbring  sloheo  screw 

1  UP  TO  PILOT  HOLE 


/GO  SLOW  - 
/  OR  YOU’LL 
FUMBLE  THE  SCREW 


PHILLIPS 


Phillips  Recessed  Head  Screws  cut  assembly  time  an  avera^te  of  50%.  Driver  and  screw 
fit  —  no  driver  slippage  with  power  drivers,  more  contact  for  easier  turning,  no  burrs. 
Phillips  Screws  set  up  tighter  without  pilot  holes,  and  with  no  danger  of  split  heads. 

How  much  would  a  50%  saving  in  assembly  time  mean  in  your  plant?  Add  the  saving 
in  number  of  screws  used  (or  smaller,  lower-cost  sizes),  the  elimination  of  exp«mse  for 
locking  devices  and  the  freedom  from  returns  due  to  loosening  of  the  product  in  use  .  .  . 
and  you’ll  see  why  thousands  of  manufacturers  find  it  costs  less  in  both  time  and  money 
to  use  Phillips  Screws. 


RECESSED  HEAD  SCREWS 


WOOD  SCREWS  •  MACHINE  SCREWS  •  SHEH  MHAl  SCREWS  •  STOVE  ROLTS 
SKCIAL  THREAD-CUTTING  SCREWS  *  SCREWS  WITH  LOCK  WASHERS 

U.  S.  Patention  Product  and  Methods  Nos.  2,046,343;  2,046,837;  2,046,839;  2,046,840; 
2,082,085;  2,084,078;  2,084,079;  2,090,338.  Other  Domestic  and  Foreign  Patents 
Allowed  and  Pending. 


American  Saiw  Ca.,  Ucantar,  ProHdanca,  R.l. 
Cantinantal  Svaw  Ca.,  New  ledferd,  Mau. 
CarMn  Saaw  CarparaUan,  New  Iritain,  Cann. 


Tha  Lamsan  A  Sassiam  Ca.,Cla«aland,Ohla 
Natlanal  Screw  A  Mf|.  Ca.,Clanlaiid,  Ohia 
Parkar-Kalaii  Carparatlon,  New  Yark,  N.  Y. 
Phaall  Manutacturlni  Campany,  Chlc^,  llllnali 


RusMiMurdull  A  Ward  Ml  t  Nut  Ca.,Part  ChaUar.N.Y. 
ScavlllMamifactwIni  Ca.,  Watarbwy,  Cmi. 

Shakapraal  Lack  Washer  Ca.,Chlcaia,lll. 


UNIFORM  power  factor,  high  dielec¬ 
tric  strength,  low  hysteresis  losses 
have  made  Formica  a  widely  used  in¬ 
sulation  where  high  frequency  alternat¬ 
ing  currents  must  be  controlled. 


■  here  are  numerous  grades,  emphasiz¬ 
ing  special  characteristics,  which  adapt 
the  material  to  particular  uses.  Some 
of  them  punch  cold  and  are  very  easy 
to  machine,  so  that  rapid  fabrication  at 
low  costs  is  possible. 


rormica  specializes  on  laminated  insula¬ 
tion  and  devotes  all  its  resources  to  that 
one  product.  For  more  than  25  years  it 
has  been  recognized  as  insulation  of  the 
first  class. 


The  Formica  Insulation  Company 

4661  Spring  Grove  Avenue,  Cincinnati,  Ohio 
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LEG  B  LITY 


WESTON 


EPENDABLTY 


•  •  •  make  these  DC  fan 
shapes  "first  choice"  for 
panels  and  test  stands 


Especially  where  repetitive  testing  is  done . . .  such  as  in  the 
inspection  of  a  wide  variety  of  manufactured  or  purchased 
electrical  parts... the  extra  scale  length  of  Weston  fan 
shaped  instruments  effects  an  appreciable  saving  in  testing 
time  and  assures  more  accurate  readings.  The  advantages  of 
this  extreme  legibility  is  readily  apparent,  too,  for  panel 
requirements  of  many  kinds. 

Moreover,  there  are  other  advantages  which  make  the  use 
of  fan  shapes  more  practical . . .  most  economical.  Their  de¬ 
sign  provides  extreme  compactness,  with  only  a  slight  pro¬ 
jection  from  the  panel;  as  well  as  savings  in  weight,  and 
initial  cost.  And  their  accuracy  is  within  1  %  . . .  ample  for 
most  normal  test  requirements. 

Here,  again,  is  further  justification  for  making  Weston 
your  supply  source  for  all  instrument  needs.  While  the  name 
Weston  on  any  instrument  assures  you  of  unquestioned  and 
enduring  dependability,  Weston’s  design  policy  supplies 
this  dependability  in  the  form  most  practical,  most  economi¬ 
cal,  for  each  instrument  need.  Weston  Electrical  Instrument 
Corporation,  618  Frelinghuysen  Avenue,  Newark,  N.  J. 


WESTON  fan  shapes 
are  available  as  •  •  • 

Voltmeters,  Millivoltmeters,  Am¬ 
meters  and  Milliammeters,  in  the 
following  scale  lengths  .  .  .  2.6"— 
4"— 5.8"— 7.32".  Cases  and  bases  are 
of  heavy  pressed  steel,  affording 
magnetic  shielding  as  well  as  me¬ 
chanical  protection. 
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Laboratory  Standards  .  .  .  Precision  DC  and 
AC  Portables  .  .  .  Instrument  Transformers 
.  .  .  Sensitive  Relays  .  .  .  DC,  AC,  and 
Thermo  Switchboard  and  Panel  Instruments. 


WESTON 


Specialized  Test  Equipment ...  Light 
Measurement  and  Control  Devices  .  .  . 
Exposure  Meters...  Aircraft  Instruments... 
Electric  Tachometers...  Dial  Thermometers. 


^  FOJt  OVEH  YEARS  LEADERS  MJV  ELECTRMCAL  MEASURING  MIVSTRlJ3iENTS 
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iMfnttone  Table  I^mp  RaJ/o  manufactureJ  by  Sonora  RaJh  Sc  Television  Corp.  for  Mitchell  Mfg.  Co.  Housing  molded  by  Midwtst  Moldtrs. 

STYLING  WITH  LOW-COST  "BAKELITE"  PLASTICS 

Simplifies  Production  of  Unusual  Cabinet 
for  Lumitone  Table  Lamp  Radio 

Serving  not  only  as  a  cabinet  for  the  receiver,  but  also  as 
a  stand  for  the  lamp,  this  cylindrical  housing  for  Mitchell 
Manufacturing  Company’s  new  Table  Lamp  Radio  indicates 
the  many  opportunities  for  developing  distinctively-styled, 
yet  economically-produced  radio  cabinets  with  BAKELITE 
Plastics. 

Molded  completely  in  just  two  sections  from  a  low-cost 
BAKELITE  Phenolic,  the  housing  interprets  faithfully  every 
contour  desired  by  the  designer.  Fine  flutings,  deep  grooves 
with  through-holes  for  the  speaker,  smooth  lustrous  surfaces 
— all  are  obtained  in  the  molding  process.  Fast  assembly 
with  chassis  is  assured,  since  positioning  lugs,  bosses,  and 
threaded  metal  inserts  are  integral  parts  of  the  interior 
construction. 

12  December  1940  —  ELECTRONICS 


BAKELITE  Plastics  are  available  in  many  types,  including 
Phenolics,  Ureas,  Polystyrenes  and  Acetates,  in  a  complete 
range  of  self-contained,  translucent,  transparent,  and  opaque 
colors.  See  how  these  versatile  materials  can  benefit  you  by 
writing  for  illustrated  booklet  lOP,  "New  Paths  to  Profits.” 

BAKELITE  CORPORATION,  30  East  42nd  Street,  New  York 
Unit  of  Union  Carbide  and  Carbon  Corporation 

[!H3 

BAKELITE 

TGAOC  WAflAV' 

Tlk«  anj  lK«  Sywbpt  f  4  »rodt  ia«>i 

PLASTICS  HEADQUARTERS 


RES1ST0BS>^^. 


types  for  your  specific  application  and  de¬ 
sign  for  combining  different  values,  for  easier 
mounting  or  for  easier,  faster,  more  eco¬ 
nomical  handling  on  your  .assembly  line. 


Engineering  service  based  on  years 
of  specialized  resistance  manufactur¬ 
ing  experience  and  backed  with  the  most 
complete  line  of  resistance  types,  shapes 
and  sizes  produced  by  any  manufacturer. 

Simplification  of  your  own  ordering, 
stock  records  and  engineering  by  pur¬ 
chasing  every  needed  resistor  type  from  a 
single,  dependable  source  of  supply. 

Unbiased  judgment  in  helping  you 
select  the  right  resistor  type.  IRC  is 
not  limited  in  its  recommendations  to  any 
one  type  or  design.  IRC  makes  them  all. 

*'Designed-in”  resistors;  i.e.,  inexpen- 
sive  adaptations  of  standard  resistor 


Proved  dependability  plus  proved 
acceptability  for  the  most  exacting 
applications,  for  use  urider  all  conditions. 


Every  order  backed  with  all  the  special- 
ized  facilities  of  a  large,  internationally 
known  organization  that  has  pioneered  the 
leading  fixed  and  variable  resistance  de¬ 
velopments,  and  which  has  made  only 
resistors,  researched  only  re¬ 
sistors  and  thought  only  resis-  _ 

tors  for  more  than  17  years. 
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MaTlorY  Stratosphere  Vibrators 


VI  ith  the  rapid  progress  of  aviation, 
yesterday’s  altitude  records  are  quickly 
Lecoming  today’s  normal  Hying  levels. 
lJut  as  man  reaches  higher  and  higher 
new  problems  must  he  solved...  not 
least  among  them  the  prohlem  of  reliable 
radio  communications. 

From  altitudes  of  15,000  feet  and  upwards, 
for  instance,  vibrators  begin  to  lose  eHi- 
ciency.  At  stratosphere  altitudes,  electrical 
insulation  effectiveness  is  so  greatly  re¬ 
duced  as  to  impair  the  eflicienev  of  the 
vibrator  or  make  it  completely  inopera¬ 
tive.  It  may  even  be  impossible  for  the 
contacts  to  interrupt  an  arc.  Mallorv  has 
solved  this  problem,  however,  with  the 


development  of  the  Stratosphen*  \  ihralor. 

The  Mallory  Stratosphere  Vibrator  is 
sealed  completely  airtight  at  normal  pres¬ 
sure  of  11.7  lbs.  per  square  inch.  Kcgardless 
of  the  altitude  or  atmospheric  pressure, 
the  Vibrator  functions  with  full  eflicienev. 
'Fhey  are  available  for  6,  12  or  21  volt 
operation. 

If  you  manufacture  receivers  or  trans¬ 
mitters  for  aircraft  use  ...  or  any  other 
battery  powered  equipment  operating 
under  ahnornial  atmospheric  pressure  or 
a<lverse  climatic  conditions,  he  sure  to  get 
all  the  facts  about  these  new  Mallory 
Stratosphere  Vibrators. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS,  INDIANA  •  CabU  Addkcis— PELMALLO 

Series  the  Aeronautical,  Automotive,  Electrical,  (Geophysical,  Radio 
and  Industrial  Fields  ivith  .  .  .  Electrical  Contacts,  ffeldinf  Electrodes, 
IS'on  -  Ferrous  Alloys,  Powdered  Metal  Products  and  Ri-Metals 
.  .  .  Rectifiers,  Dry  Electrolytic  Capacitors,  F.  P.  (Fabricated  Plate)  Capacitors,  Vibrators,  Vitreous  Resistors, 
Potentiometers,  Rheostats,  Rotary  Switches,  Single  and  Multiple  Push  Button  Sicitches,  Electronic  Hardware. 


December  i940  —  ELECTRONICS 


V 


Get  positive  constant  contact  with  the  No.  1320  insulated  with  hard  rubber 
“CINCH”  all  ’round  single  shielded  for  “low  loss” 

antenna  connectors.  Here’s  the  new  ini-  Even  when  subjected  to  the  most 
proved  No.  2042  with  molded  bakelite  severe  vibrations  these  connectors  pro¬ 
bushing  and  a  shoulder  providing  in-  vide  a  constant  electrical  connection, 
creased  insulation.  I’ositive  ground  con-  “CINCH”  for  a  good  connection  — 
nection  with  complete  protection!  And  iilways  and  all  ways. 

Cinch  and  Oak  Radio  Sockets  are  licensed  under  H.  //.  Ebr  socket  patents. 

0  Rt^ht  (S)  cutting  fo  provide  positive  fround. 

^  Shoulder  providing  increased  insulation. 

^  No.  ^323  with  flange  for  screw  or  rivet. 

0  No.  8W7  with  flange  for  spot  welding. 

Other  types  also  available ^  samples  and  further  infor¬ 
mation  on  request. 

manufacturin¥~corporation 

2335  W.  VAN  BUREN  STREET  CHICAGO,  ILL. 

SUBSIDIARY:  UNITED-CARR  FASTENER  CORP.,  CAMBRIDGE,  MASS. 
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D-99418  (5  KW  Shunt  Type  Ante 
Coupling  Unit.  ^With  cover  remov, 


33A  Antenna  Control  Unit,  { 1  Variable 
Branching  Circuit;  1  Variable,  1  Fixed 
Phase  Shifters.)  For  powers  up  to  1 0  KW. 


34B  (50  KW)  Antenna  Phase  Control 
Unit. 


35A  Antenna  Power  Control  Unit  — 
Fixed  line  branching  network.  For  pow' 
ers  up  to  and  including  10  KW. 


33B  (50  KW)  Antenna  Control  Unit 
( 1  Line  Branching  Network,  1  Phase 
Shifting  Network.) 


D-994 19(1 00  to  500  watt)  Shunt  type 
Antenna  Coupling  Unit.  (With  cover 
removed.) 


r- 
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)N£  VIOLIN  looks  like  another.  It  takes  a  skilled  musi- 
ian  to  recognize  the  Stradivarius.  He  sees  the  hidden 
uality.  In  capacitors,  too,  quality  lies  hidden.  The  thing 
mat  gives  you  extra  service  is  found  in  capacitor 
ingredients. 


THERE  ARE  MORE  CORNELL-DUBILIER  CA¬ 
PACITORS  IN  USE  THAN  ANY  OTHER  MAKE 


YOU  get  more  for  your  money 
when  you  specify  Cornell- 
Dubilier  capacitors.  An  extra  mea¬ 
sure  of  value  that's  hidden  in  C-D 
ingredients.  Thirty  years  of  experi¬ 
ence  put  it  there.  And  the  longer  these 
capacitors  remain  in  service,  the  more 
you  realize  how  much  Cornell- 
Dubilier  experience  means — in  extra 
performance,  extra  long  life  and  extra 
savings.  Next  time,  don't  be  fooled  by 
"looks"  .  .  .  demand  the  capacitor 
that's  different  where  difference 
counts — and  get  the  extra  service 
built  into  modem  C-D's. 


p 


BEMEMBEB!  Only  C-0  union-made  capa¬ 
citors  give  you  the  EXTRAS  at  no  extra  cost. 


—  WITH  CORNELL-DUBILIER  CAPACITORS! 


I 


SOUND 
ECONOMY 


...RCA  AIR-RADIATOR 
TRANSMITTING  TRIODES 

Hundreds  of  RCA.891-R’s  and  892-R’s  in  daily  service  in  le-^ding 
I  broadcast  stauons  testify  to  the  sound  economy  of  operation  made 
1  jwssible  by  these  popular  RCA  Air-Radiator  Transmining  Triodes. 

ower  first  cost  simplified  installation — no  water-cooling  worries _ 

ample  output  for  general  broadcast  requirements! 

Similar  in  construction  to  water-cooled  units,  these  tubes  are  equi»>ped 
cflScient  air  radiators  which  provide  great  cooling  arjas  in 
a  minimum  of  space.  Anode  heat  is  dissipated  quickly  and  efficiently. 

Double-unit  filainents  permit  operation  from  two-phase  a.c.,  thus 
minimizing  hum.  Filaments  used  in  these  types  operate  at  lower-than- 
ordinary  temperatures  and  contribute  materially  to  exceptionally  long 
tube  life.  Ask  the  station  that  uses  these  tubes ! 

Both  the  RCA-89J-R  and  892-R  are  designed  for  class  B  and  class  C 
services.  The  891*R  may  also  be  used  in  class  A.  Amplification  factor 
of  the  891-R  is  8;  the  892-R,  50.  Maximum  ratings  of  the  891-R  foi  plate 
modulated  class  C  telephone  service  are;  d-c  plate  voltage,  8500  volts; 
d-c  plate  current,  1  ampere;  plate  input,  8  kw;  plate  dissipation,  2.5  kw. 
Typical  power  output  is  3.5  kw.  Net  replacement  costs  compare  favor¬ 
ably  with  water-cooled  tubes  of  equal  size. 

5  Complete  technical  information  gladly  sent  upon  request.  Write  to 
I  RCA  Mfg.  Co.,  Commercial  Engineering  Section,  RCA  Manufacturing 
•  Company,  Inc.,  Harrison,  N.  J. 


This  Triode  Takes  Its  Full  ^ted 
Input  of  50  Watts  up  to  500  Me. 

necuos  the  three  mameni  ^  minimize  the 

separate  seals,  simplify  neutrMizauon 

in  ri  amplifter  sennee  at  the  ul«  _ _ 

highs  by  eliminaang  common  im-  il^ 

prances  between  tank  a^ 
oeutralizing  circuits  untbm 
the  tube,  aose  spacing  of 
grid  and  plate  deceases 

ilectron  transit  time,  thereby  ^  ^ 

improving  efficiency  at  high  mm  ■  ■ 
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As  essential  to  the  operation  of  Air 
Radiator  tubes  as  good  tube  on 
struaion  itself,  is  the  design  of  thi 
finned  radiator  with  which  they  an 
equipped.  Pioneered  and  perfe  it. 
by  RCA, each  radiator  supplied  vn; 
RCA-891-R’s  and  892-R's  c.i  rlo 
the  line  reputation  which  has  tc: 
established  through  more  tha: 
four  years  of  extensive  use  in  ii  ar.j 
of  the  country’s  leading  high 
power  broadcasting  station* 
Exceptionally  low  operating  ten: 
peratures  are  assured  at  all  ti  nc* 
For  real  economy,  it  pays  to  io'e* 
in  experience — not  experinn  tits 
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